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PREFACE TO VOLUME II. 


‘Tus work was originally planned for one volume. Its size, however, makes 
it more desirable to publish it in two. Since these will appear simultaneously 
it has not been considered necessary to repeat in the second volume all the 
material which appears at the beginning of the first, with the exception of the 
“Key to Mill Numbers” to which the reader may need to refer constantly. 
RHR. 




















Mine ia Motte, |Galens, alittle pyrite. 
Missouri. 





vi EEY TO MILL NUMBERS. 
a Name. ‘Location. Economic Minerals. 
23] Plat River Lead Flat River, Galena, a little pyrite. Dolomite. 00 = 
Company. Missours. 
724 | Mine ia Motte, 























a5|St. oh Lead Be Terre, Galena, a little pyrite. 
1 Geatpaay ikissouri, alae is ee 
26| Bullion Beck and |Bureka, Utah, |Galena, cerrusite, malachite| Quarts, 200 
eoneabier mesa suri ite, silver (as sulphide, limestone. 
ny. E 
figte), ‘gold, arsenite and| 
arseniate of copper. 
a71Re Tt 1 Mt. Sneffies, tiferous: tetra- and 
7/Mines Company. [Ouray iets. epee blend Seva: |" 
Colorado, 
18. Smuggler Mini |Aspen, Colorado. | Native sil argentiferous| Blue limestone | roo (<) 
" |Company. = aiena, a yeite, Siyentiferoudand ‘quarts. os 
Bases, ‘and amith, 
Ute and Ulay Mill. Lake City, Pyrite, blende, chalcopyrite) Quarts. 
2 Gelorade tetrahedrite, and argentif- See. 
jerous galens 
30] Bunk Hill and Sulli Quartzite and |s30 


van Mining and Conj 
jcentrating Company. 


Kellogg, Idaho. | Argentiferous galena, pyrite | Qu 





‘3¢/Gem Mill of the Mil 
| waukee Mining Compa. 
lay. 


(Gem, Idaho. mtiferous galena and 
Seaae: 


























371 Buffalo Hemp Mining 
Poorman Brant 


Burke, Idaho. |Argentiferous galena 
tendo. a 


Helens and Frisco [Gem, Idaho, T, Cerrusite and pyromor- |I. Quarts and) |600 
wl pe ae i Foam. 
T.Argentiferousgalena, |I1- Quarts. 
{lait cbaleooynite and 
niet at 
33| Laat Chance Mill, | Wardner, Idaho, |Argentiferous galena, Quarts. 15 
sa] Morning Mini Mullan, Idaho. tite [Siderite with | 300 
34] Morning Mining JAnqeatierous galena, pyritd Siderite wi 
;|Union Millof the | Wallace, Tdah tiferous galena, Siateand | asoms 
35) Standard Mining  [indiente. | enh PIT ola 
Company. 
36|Stem Winder Mil. |Kellogg, Idaho, | Argeatiferous galena, Quarts, 7 
Quarts, sso 





























8 |Boston and Montana |Great Pals, ite, pyrite, nar: and. 
"| Conscidated Copper |Montans. ite, and bornite, Sesomposea 2 
7. : 3 
39] Butte and Boston |Butte, Montana, |Bornite, yoo 
Mining Company. me lies ponte, blend 
ome sliver minerals. feidepar. 
| Colorado Smelting and] Butte, Montana, |Pyrite, blende, bornite, arts, decom] 
4°) \Gning Company. MA. Le chalcopyrite, caulcerte] powed srasita, : 
inte and tennantive. [and batfte. 
| Parrot Silver and Cop} Butte, Montana, |Chalcocite, bornite, chalco/ Quarts and de] s00~ 
“"lper Mining Company * pyrite, enargite and blende. [composed feld4*"" °5° 
spar: 
‘4#] Anaconda Copper |Carroll, IChalcocite, chalcoy Quarts and de] 500-700 
Mining Company. Montana. pyrite, enargite, composed feld- 
spar 

















viii KEY TO MILL NUMBERS. 




















i Capacit 
yu Name. Location. Economic Minerals. | Gangue. |.  peraa” 
j Hours, Tons 
651 Madison Millof the |Angel'sCamp,  |Native gold and auriferous Soft alate r 
Utica Company. | Calaveras County |pyrite. Wathquares, /*25@ 
California. 
Lead City, Native gold and auriferous | Quarts i 
South Dakota, |pynteanlarscnonynite: ”  |imemechit, |*°° 
Waverly, Native gold and arsenopyrite, |Quarta. 0-6 
, Nova Scotia. _|galena, pyrite, chalcopyrite, oe 
F sphalerte. 
Hl 68| Montana Mining Marysville, Native gold. tetabedite, 10s 
h Company, Limited. | Montana. te, chalco eopyrite, blend, ale 
i; pa, arse polybasive, ater] era 














6o|American Developing |Gibbonsvile, | Auriferous pyrite, argentifer- |Site, quarts] o7—rr2 




























































































land Mining Company. |Idaho. fous chalcopyrite: eateite, 
re ig ematite 
79] Newton Gold Mil. _|{GehoSprines,  |Ausferous pyritesand native | Quartz 
7 fningand | Jackson, Amador |Native gold and auriferous and |96() 
stag dompeays | Eocrey pyntes Erctad 
: ~ a] Keystone Consolidated) Amador City, [Native gold andauriferous |Quartzin [rao 
) Mining Company. |California. pynite. Satere 
nuarte, 
73| Utica Mill ofthe |Angel'sCamp, |Native gold and auriferous |Quartzin | 210 (2) 
tice Company. _| Calaveras Canty | pyrites. late 
(California. 
74| Stickles Mill of the [Angel's Camp, @ @ ine 
Utica Company. | Calaveras County, 
California. 
75|Zeile Mining Company! Jackson, Amador |Native gold and auriferous 150 
ty, pyrites. 
California. 
76|Gentle Annie Mili. | Placerville. Native gold and auriferous 15-35 
California. pyrives. 
77] Hiden Treasure Mil, [Black Hawk, (Gold upd slver-bearing miner: a 
Gilpin County, yrite, chalcopyrite 
IColorado. blende, Retrahedrite, arsenopy- 
rite, galena.) 
78|Gates Canvas Plant off Jackson, oy 100 
feennedy Winingant °| Aroatoe County, 
Milling Company. |California. ‘ 
79| Keystone Consolidated] Amador City, o 9 
Mining Company. |California. 
80] Utica Stickles Angel's Camp, @) are 
[Canvas Piant. Calaveras County, 
California. 
I 81)Stephen Lavagnino's | Angel's Camp. @ @) 18-20 
Arrastras, Caiffornia 
82| Montana Mini Maryavitle, Tike Mtn 68. Like Mil 68. |110 
‘ Company, Limited, _|Montana. 
83) Bureka Fin Eureka, Tintic | Native silver, cerargyrite, gale|Quartz, | cal] 120 
Mining Company. District, Utah. |na, cerrusite, anglesite, malajcite, sider 
ehite, azurite, chrysocolla, ar] and rhodo- 
Senite and arseniate of copper. |erosite. 
84| Mammoth Mini Mammoth, Tintic [Native silver, cerargyrite, ar{Quarteand 100 
4 Company. |Ditriet, Utah. |gentiferous barite malachite [enlite. 
fEreenite and arseniate of cop: 
: Per. 
hk '85|Newton Jigging Mill. |Tdaho Springs, |Like Mill 70. Tike Mit 70. 
h Jigging idaho Spr ings, 
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PART Il. 
Continued from Vol. I. 
SEPARATING, CONCENTRATING OR WASHING. 


















































686 ORE DRESSING. 


§ 497 
Data on both kinds of surface tables, as obtained from the mills, are given 
in Table 323. 


Ia. CONTINUOUS SURFACE TABLES, 


Continuous surface tables include the circular tables with revolving parts, 
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FIG, 3994.—ELEVATION OF THREE-DECK SLIME TABLE AT MILL 37. 


and the traveling non-vibrating belts, all of which discharge their products suto- 
matically and continuously. 
§ 


497. Revotvine CrrcuLar Convex Stimz Tasizs have the form of a very 
vouch flattened cone with its axis vertical and its center higher than its margin. 



































































































































718 ORE DRESSING. § 555 


as long as in the . The routine in Mill 83 will serve as an illustration of the 
use of settlers. This mill has 24 pans and 12 settlers, as shown in Fig. 450. The 
odd pans are charged every 8 hours, and the even pans at equal intervals between. 
Every four hours either the 12 odd or the 12 even pans are disch: to the set- 
tlers. The muller of the settler is kept revolving continuously. The pan 





























FIG, 449.—SECTION OF SETTLER. 


Poe 1 22 ee er ke on ue ME Re oR ee 
PE RY RYE EEG 
Fig. 450.— SKETCH OF PANS AND SETTLERS IN MILL 83. 


charge is hosed out and run into the settler with sufficient cold water to fill the 
latter. This dilutes the pulp and allows the amalgam to settle. The consistency 
of the mass must be such that the sand is kent in suspension while the amalgam 
settles to the bottom. The speed of the muller may help or hinder this, as the 
higher the speed the harder it is for the mercury to collect together and settle. It 

‘ald be noted that the speed of revolution is much lower than in pans, never 
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812 ORE DRESSING. § 594 


§ 594. A Maanetic Separator ForMerty Usep at PrzipraqM, had a horizon- 
tal belt which carried the ore along beneath two sets of electromagnets. These 
magnets were mounted on overhead wheels which ran on rails, and they had 
a reciprocating motion back and forth. When they were directly over the belt 
the current was on, and magnetic particles were attracted. When they were 
at one side the current was off and the load of magnetic particles was allowed 
to fall. Blende and siderite were roasted to zinc oxide and magnetic oxide and 
separated by this machine at the rate of 150 kilos per hour. 

§ 595. Tue Huenes Davior ELectromagNet, used at Laurium, in Greece, 
is suspended by a universal joint and is moved by hand over a pan of ore. When 
a load of magnetic particles has become attached to it, it is swung to one side, 















































Fig. 472a.—8KETCH OF 
THE NO. 1 MAGNETS IN 
MILL 91, 

















Fic, 472).—SKETCH OF THE No. 3 
MAGNETS IN MILL 91. 


the current cut off and the load dropped. ‘This forms a epecies of hand sorting 
by the use of a powerful controllable electromagnet. It uses 24 to 3 amperes 
current with 40 volts. 


IIL. SEPARATORS WITH THE ORE FALLING IN FRONT OF MAGNETS. 


§ 596. Tnz Eptson Macwvetio Separator.—This is simply a plain bar electro- 
magnet before the poles of which the ore falls in a thin sheet, and the magnetic 
particles are thereby deflected to one side, while the non-magnetic particles 


























PART IIL. 
ACCESSORY APPARATUS. 




















856 ORE DRESSING. § 624 


Cornish Feeders have no moving parts, but are operated by the action of a 
stream of water directed against a bank of ore. In Fig. 491, a is a chute with 
its bottom cloping from the two sides to the middle, b is a pipe feeding water 
centrally, and c is a hopper. The two sides and the upper end of the hopper 
are supported an inch above the chute by corner supports, while the lower end d 
reaches down to the chute. Ore being charged into the hopper, a stream of 
water from the pipe 6 gradually washes it down, discharging it on both sides 
of the hopper. ‘To prevent backing up of the water, followed by a sudden rush 
of ore and water, the chute must have a considerable slope, say 14 to 3 inches 
per foot. The space e must be wide, perhaps 4 inches, and the front end of the 
hopper reach to the bottom of the chute. ith the details as shown, a granular 
ore is delivered regularly and evenly from both sides of the hopper. The feeder, 



































PLAN 
Fig, 491.—CORNISH ORE FEEDER, FIG. 492,—DISTRIBUTOR AT MILL 22. 


however, is not adapted for sticky ores or for coarse sizes. The details shown 
in the figure are those of a laboratory apparatus, but the same general ‘principle 
is used in mills. 

Summary.—The following summary indicates the extent to which mechanical 
feeding is used: Of 31 mills using gravity stamps, 25 use Hendy Challenge 
feeders for the stamps, 2 use roller feeders, 1 uses an undesignated style, 
and in the 3 other cases jig tailings either run to the stamps by gravity or 
are fed by hand. Although the principal use of automatic feeders ie for gravity 
stamps, they are also considerably used for other machines. For example, 
Tulloch feeders are used for rolls in Mills 26, 32, 34 and 35, for the Bryan mill 
in Mill 26, and for trommels in Mills 27 and 28. Hendy feeders are used for 
rolls in Mill 87, for Huntington mille in Mills 27 and 28, and for No. 1 trommel 
in Mill 37. Roller feeders are used for rolls in Mills 22 and 91, for the Griffin 
mill in Mill 72, and for screens in Mill 91. In Mill 94 a Briart automatic bar 
screen (see end of § 270) feeds a breaker. 









































ACCESSORY APPARATUS. 885, 


28. Am. Soc, Mech. Eng., Vol.'VII., (1885-6), p. 608. W. 0. Webber. Efficiencies of 
centrifugal and reciprocating pumy 

29. Ibid., Vol. 1X., (1887-8), p. 238. 
and efficiency of centrifugal pumps. 

30. Berg. u. Hitt. Zeit., Vol. XXXIL, (1873), p. 283. Short illustrated description of a 
special plunger pump for sand and water. 

31. Eng. & Min. Jour., Vol. LXV., (1898), p. 553. Illustrated description of Frenier and 
Leblane spiral send pump. 

32. Freiberger Jahrb., (1893), p. 83. Seemanngives figures showing the grinding effect 
of a centrifugal pump on sand. 





). Webber and others discuss the construction 


LAUNDERS, 
38. Dubuat, (1816), “Principe &'Hydraulique et de Pyrodynamique,” Vol. TL, pp. 77-00. 


Bottom, top’ and mean velocities of flow of water in small wooden channels. 
Pp. 91-87. “Bottom currents required to move different kinds of sand, gravel and 
clay. 





34. Hering and Trautwine, (1889). Translated from Ganguillet and Kutter, with ad- 
ditions), “A General Formula for the Flow of water,” p. 131. A large number 
of gaugings of the flow of water in pipes and open channels of various dimensions. 


‘MISCELLANEOUS. 


35. Am. Inst. Min. Eng., Vol. XXVIII, (1898), p. 225, J. E. Johnson, Jr. An auto- 
matic shoveller for removing sand from water running in launders. 

36. Hofman, H.0., (1899), “Metallurgy Lead,” p. 181. Description of Lewis and Bartlett 
bag process for collecting dust and fumes. p. 378. Discussion of various methods 
of condensing flue dusts, with descriptions of different forms of dust chambers. 
Illustrated. 

37. Peters, E. D., Jr., (1895), “Copper Smelting,” p. 475. Short discussion of dust 
chambers. 

38, Schnabel, Carl, (1896), “Handbuch der Metallhiittenkunde.” Vol. II, p. 240. Also 
Louis” translation, (1898), Vol. I1., p. 228). Description of bag rooms for col 
lecting zine white. Ilustrated. 


PART IV. 
MILL PROCESSES AND MANAGEMENT. 


PART IV. 
MILL PROCESSES AND MANAGEMENT. 


Having discussed, individually, the various kinds of apparatus which find ap- 
plication in concentrating mills, there remains the consideration of the mills 
asa whole, including the various combinations of principles ; the different arrange- 
ments of apparatus; the management of mills; general items such as power, 


water, costs, ete. ; mill testing and the selection of processes suitable for different 
ores. 






































908 ORE DRESSING. § 671 


‘The power is furnished by a steam boiler 18 fect long, 60 inches diameter, 
with 54 tubes 4 inches diameter, running under a pressure of 80 pounds per 
square inch; and an engine with cylinder 12 X 16 inches, making 178 strokes 
per minute, and cutting off at § stroke. 

This mill was constructed to do the same type of work as Mill 10, but the 
latter is the type still preferred. The mining and milling work in the Joplin 
district is more or less transient, and the simpler the mil] the better it suits the 
conditions. 

This mill saves about 85% of the zinc. In § 897 are given some results of the 
work in this mill. 

§ 671. Mitts No. 16 anp No. 17. Gransy MINING AND SMELTING Com- 
PANY, Granpy, Missourt.—Capacity 60 tons in 10 hours. The mill runs 10 
hours per day, six days per week. The ore consists of the economic minerals 
blende, calamine, smithsonite, galena, cerrusite, pyromorphite, and other oxida- 
tion products, and a gangue of flint and quartz with some dolomite and calcite. 
‘The galena and blende are in coarse crystallization. The problem is to save 
the lead and zinc. The ore is of two classes: (a) in which lead predominates, 
and which contains 75 to 95% galena; (b) in which zinc predominates, and 
which contains 15 to 95% blende. The ore has already been partially concen- 
trated by the process described under Mill 2. The ore is brought from the mines 
in carts of 4,000 pounds capacity to a receiving yard, where it is inspected, and 
the lead 0 me goes (0 (1) while the zine ore is dumped into piles graded according 
to kind. When any grade has accumulated sufficiently for a run it is wheeled 
to (9). 


Mill 16. The Lead Concentrating Mill. 


Capacity 30 tons in 10 hours. 

1, Twelve receiving bins. By shovel or barrow to (2). 

2. From (1), (4), (10), (19), (20), (21), (22), (23), (2), (2). One 
No. 1 Blake breaker, 6 X 9 inches, crushing to 20 mm. To (3) 

3. From (2) and (8). No. 1 bucket elevator. To (4). 

4. One No. 1 trommel. Sectional with 2, 5, 10 and 20-mm. holes. Over 
20 mm. to (2); through 20 on 10 to (5); through 10 on 5 to (6a); through 
5 on 2 to (6b); through 2 to (7). 

5. One No. 1 jig. A I-sieve accelerated jig. Discharge and hutch to lead 
smelter; tailings to (8). 

6a and 6b, From (4). One No. 2a jig and one No. 2b jig. A 4-sieve accel- 
erated jig divided so as to make two 2-sieve jigs. In jig 2a, let discharge to 
lead smelter; 2d to (8) ; hutches to lead smelter; tailings to waste. In jig 2b, 
discharges and hutches to lead smelter; tailings to waste. Here as also in the 
next jig, the concentrates from the ist sieves are galena, and those from the 
2d sieves are galena and cerrusite. 

7. From (4). One No. 3 jig. A 3-sieve Harz jig. Ist discharge and Ist, 
2d and 3d hutches to lead smelter; tailings to waste. 

8. From (5) and (62). One pair of No. 1 rolls, 18 X 16 inches, sct close to- 
gether. To (3). 


Mill 17. The Zine Concentrating Mill. 
Capacity 30 tons in 10 hours. 


9. From the yard. Receiving bin. By shovel to (10). 
10. Spalling Hoor, accompanied by hand picking. Clean lead ore to lead. 
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§ 678 


‘Wace Rock Diy 


FIG, 5124.—SECTION OF HOISTING AND CRUSHING PLANT AT MILL 22. 
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Waste Rock Dap 


FIG, 512b.—PLAN O¥ HOISTING AND CRUSHING PLANT. 













































































966 
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BREAKER HOUSE 


WET COBBING HOUSE 
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DRY COBBING HOUSE 








ORE DRESSING. § 698 
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ORE DRESSING. § 698 


972 
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990 ORE DRESSING. § 707 





(j) COMPLEX JIGGING MILLS DHESSING NATIVE COPPER AT LAKE SUPERIOR, 
USING STEAM STAMPS, CLASSIFIERS, JIGS AND TABLES. 


$207. This group includes Mill 


= 44 to 48 inclusive. The mine rock carryi 
the native copper is either a rhy Ty Ing, 


ite conglomerate, an amygdaloid, or a vein 
stone. In all of them the copp in larger or sinaller irregular jagged frag. 
ments scattered through the ruck. When in large masses it is cut up isthe mcr 
by trenching the mass with chisels. Smaller masses are blasted out and cleaned 
by steam hammer, drop hammer or hand hammer. Sizes smaller still are crushed 
by steam stamps. in which the larger fragments are broken and then abraded into 
rounded nuggets until the time for cleaning out the mortar arrives, The 
smaller are severed from the rock and broken up or remain attached to the rock 
as included grains; thes all pass out through the screen to the concentrating 
machines. ‘The copper coming from the stamps takes the following forms whick 
are easy or dillicult of separation as indicated: large nuggets from the mortar, 
easy: compact rounded grains, easy: compact broken grains, easy; thin leaf, 
like grains, difficult: thin branching forms, difficult; copper inchided in rock. 
difficult; very fine brated copper, difficult. The separation is also rendered 
difficult’ by “heavy minerals epidote and_iron oxide (probably  martite or 
octahedral hematite). ‘The metal worn off the stamp shoes and drill steel is 
present but in very small quantity. 

The conglomerite mills have to contend with the fine abraded copper, the 
included grains and the thin flaky arborescent forms. The amygdaloid sills 
have the same except that the included grains are much less in amount. The 
latter mills can on this account bring down the copper contents of the tailings 
to a much lower percentage than the former. Mill 44 treats included grains 
by grinder, classifier and jigs. Mills 45, 46, 17 and 48 send middlings back to 
the steam stamp, 

Rolls for crushing native copper rock have been tried and given up because of 
the large percentage of copper in thin forms which floated off in the jig tailings. 
Stamps break them up stall enough to have normal settling capacity. ‘The 
chief objection to stamps is the amount of very fine abraded. copper made by them. 
The two directions to look for improvements are: (1) to catch the fine tank 
overflows and treat them: (2) to adopt measures to diminish the formation of 
abraded copper, by taking out copper nuggcts earlier from the mortar. ‘The 
Jo the latter are given at the ends of Mills 44 and 48 and the results 
iments which led fo the adoption of the scheme in Mill 48 have been 
















































ifiers upon quite coarse material (4.76 mm.). 
fo avoid Tossex of fines in jigging, which would rosult from the imper: 
= of hydraulic ¢ . by first running the material over roughing jigs 
which have a looge whole bed and thus deliver some sand into the hutch with the 
und then hy re-treating these hutch products slowly and gently on finishing 











capper 
jige. 
TN coupling up-af wa diselinilar machines ta siplement each other, the one 

: heads and the other to. make clean tailings. occurs in these mills 
‘he heads of the slime tables are enriched in Mills 45 and 46 by kieves and i 
he kieve tops go back to the tables. "The tailing: 
















onda, 
708 Min Noo Hi. Caneaer avp Teens Mrxtxa Company, Canomet, 


‘Tremiaan, Capacity 2640 tons in 2t hours for each of the two mills. The 





§ 7083 SUMMARY OF PRINCIPLES AND OUTLINES OP MILLS. 991 


mill runs 24 hours per day, 6 days per week. The ore conaists of the economic 
minerals native copper and a little native silver, and a ue of rhyolite com 
glomerate ins a little calcite, epidote and martite. ie lear} is to eave 
the Soper al ver. ‘The ore is hoisted from the mine in skips holding 5,000 
and 10,000 pounds and dumped upon (1). 

‘There are eleven rock houses, one for each ehaft, all alike and only one of them 
will be described. 


Rock House. 


1. One No. 1 grizzly with 34-inch A nee Oversize is hand picked on the 
grizzly into: (a) T nuggets to (32) ; @ waste used for ‘ali ; and (c) 
reeidue or milli to (2); undersize to (5). 

2. One No. 1 Blake breaker, 24 < 36 inches, crushing to 12 inches. To (3). 

3. One No. 2 grizzly with 3}-inch spaces. Oversize is hand picked on the 
grizzly into: (a) copper nuggets to (32); (b) waste for filling; and (c) residuc 
to (2) jinidardtan to (5). 

4. One No, 2 Blake breaker, 1% X 24 inches, crushing to 34 inches, To (5). 

5. From (1), (3) and (4). Rock house bins, 40 x 50 fect and 10 to 20 fect 
deep, with double-V bottom and 14 gates, By gates and chutes to railroad cars 
hauled 5 miles to (6). 

Mill. 

There are two entirely independent mills, the Calumet and the Hocla, just 
alike, with 11 independent sections in each. Only one section of the Calumet 
anil will be described. 

6. Mill bin, with flat bottom, holding about 1,000 tons. By gate to (7)- 

%. Picking chute. Copper nuggete to (32); rich copper rock to (8) just 
before clean up; wood, chips, ete., to waste ; residue to (8). 

8. From (7) and (9). One Leavitt steam stamp using a screen with 
4.26-mm, round holes. Pulp by distributor to (10) ; residue in mortar at time of 
clean up to (9). 

9. One No, J or edver jig. 1-sieve cam driven es return jig. ‘There is 
only one jig for the whole eleven eectiona of the mill. Bottom skimmings and 
hutch by bucket to (32); top skimmings and tailings to (8). 

10. From (8). Four No. 1 hydraulic classifiers, each with four epigote. 1et 
spizot to (11) ; 2d to (12) ; 8d to (13) ; 4th to (14) ; overflow to (22). 

11. From (10) and (12), Bour No. 2 jigx or No. 1 ronghing jigs. 2Qsieve 
Collom jigs. 1st and 2d hottom skimmings, Ist discharge and Ist hutch by jerk- 
ing trough conveyor to picking table, where native silver ia removed while the 
copper goes to (2); 2d discharge to (25): 2d hutch to (15); tailings to (19). 

12. From (10) and (13). Four No. 3 jigs or No. 2 ronghing jigs. 2-riove 

ii eet skimmings to (11); 2d discharge to (25); hutches to 
ings to (19). 


or ice. S-sieve 
x to (25); Yet and 2 Atechanges to 


Collom 

(31); hutehes to a : tailings to Song. : 
16. From (12), Two No. 7 jige or No. 2 finishing jigs. 9-sieve Collom 

jigs. 2d bottom skimmings to (25) ; 3d to (15) ; Ist discharge to (31) ; hutches 

to (31); tailings to (33). 
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2-sieve Collom jigs. Ist bottom skimmings are No. 1 copper to (40) ; 2d to (9); 
Ist hutch to (20) ; 2d to (21) ; tailings to (41). 

15. From (11). Three No. 4 jigs or No. 4 roughing jigs. 2-sieve Collom 
jigs. 1st bottom ckimmings to (14) ; 2d to (9); Ist hutch to (20) ; 2d to (21); 
tailings to (41). 

16. From (11). Three No. 5 jigs or No. 5 roughing jigs. 2-sieve Collom jigs. 
Ist bottom skimmings to (14) ; 2d to (9) ; Ist hutch to (22) ; 2d to (23) ; tailings 
to (41). 

17. From (11). Three No. 6 jigs or No. 6 roughing jigs. 2sieve Collom 
jigs. Products like (16). 

18. From (12) and (13). One No. 7 jig or No. 1 finishing jig. 3-sieve 
Collom jig. ist bottom skimmings are No. 2 copper to (40); 2d are No. 4 
copper to (40); 3d to (9); Ist hutch is No. 2 copper to (24); 2d is No. 3 
copper to (24) ; 3d, to be kieved, to (24) ; tailings to (41). 

19. From (12) and (13). One No. 8 jig or No. 2 finishing jig. 3-sieve 
Collom jig. Ist bottom skimmings are No. 3 copper to (40); 2d are No. 4 
copper to (40); 3d to (9); Ist hutch is No. 3 copper to (24); 2d is No. 4 
copper to (24) ; 3d, to be kieved, to (24) ; tailings to (41). 

20. From (14) and (15). One No. 9 jig or No. 3 finishing jig. 3-sieve 
Collom jig, Ist bottom skimmings are No. 2 copper to (40) 2d are No. 4 
copper to (40); 3d to (9); Ist hutch 0, 2 copper to (24); 2d is No. 4 
copper to (24) ; 3d, to be kieved, to (24) ; tailings to (41). 

21. From (14) and (15). One No. 10 jig or No. 4 finishing jig. 3-sieve 
Collom jig. Products like (19). 

22, From (16) and (17). One No. 11 jig or No. 5 finishing jig. 3-sieve 
Collom jig. 1st and 2d bottom skimmings are No. 4 copper to (40) ; 3d to (9); 
Ist hutch is No. 4 copper to (24); 2d and 34, to be kieved, to (24) ; tailings 
to (41). 

$8 Brom (16) and (17). One No. 12 jig or No. 6 finishing jig. 3-sieve 
Collom jig. Products like (22). 

24. From (18), (19), (20), (21) 


















2), (23). ‘Three sets of settling tanks 
for concentrates, called “copper boxes,” with 7 boxes in each set (see § 442). 
No. 1 quality copper to (19); No. 2 quality copper to (40): No. 3 quality 
copper to (40) ; No. 4 quality copper to (40); material to be kieved to (38); 
overflow to (41). 








Jigs for One Ball Section, 


25, From (11). Three No. 1 jigs or No. 1 roughing jigs. 2-sieve Collom 
jigs. 1st bottom skimmings are No. 1 copper to (40) ; 2d to (9); Ist hutch to 
Ist sieve of (29) ; 2d to 2d sieve of (29) ; tailings to (41). 

26. From (11), (27), (28). ‘Three No. 2 jigs or No. 2 roughing jigs. 2-sieve 
Collom jigs. 1st’ bottom skimmings are No. 1 copper to (40); 2d to (9); Ist 
hutch to st sieve of (30) ; 2d hutch to 2d sieve of (30) ; tailings to (41). 

27. From (11). Three No. 3 jigs or No. 3 roughing jigs. 2-sieve Collom 
jigs. 1st bottom skimmings to (26) ; 2d to (9) ; Ist hutch to Ist sieve of (31); 
2d hutch to 2d sieve of (31) ; tailings to (41). 

28. From (11). Three No. 4 jigs or No. 4 roughing jigs. 2-sieve Collom 
jigs. 1st bottom skimmings to (26) ; 2d to (9); 1st hutch to Ist sieve of (32): 
2d hutch to 2d sieve of (32) ; tailings to (41). 

29, 30, 31, 32. From (25). (26). (27). (28). One each of Nos. 5, 6, 7 and 8 
jigs or Nos. 1, 2, 3 and 4 finishing jigs. 3-sieve Collom jigs. ‘Their products are 
disposed of on the same principle as in (18). (19), (20), (21), (22), (23). 

33. From (29), (30), (31), (32). “Copper boxes.”’ Products like (24). 
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of the little hydraulic classifier, contains 56% of the total copper recovered in 
e mill. 

‘A new pump for supplying this mill and Mill 48 has a capacity of 40,000,000 
gallons per 24 hours. It is a triple expansion Nordberg with steam cylinders 
22, 40 and 60 inches in diameter, and three water cylinders 30 inches in diameter 
with 52-inch stroke. 

§ 711. Mitt No. 47. Quincy Mintne Company, Hancock, Micuican.— 
Capacity of the mill is 1,700 to 1,900 tons per 24 hours. The mill runs 24 
hours per day, six days per week. The ore consists of the economic mineral 
native copper in grains and masses occasionally as large as 300 tons, and a 
gangue of amygdaloid. The problem is to save the copper. The rock is’ hoisted 
in skips and goes ordinarily to (1), or if mass copper, to (2). 

There are three rock houses just alike, of which only one will be described. 


Rock House. 
1. Two No. 1 grizzlies with 2}-inch spaces. Oversize to (2); undersize 


0 (7). 

£ Sreaging and picking floor. Large lumps to (3); rock with mass copper 
to (4); small copper rock to (6); small mass copper to (8) ; barren rock, suit- 
able for building, to waste dump. 

3. Drop hammer. Rock with mass copper to (4) ; small copper rock to (6); 
small mass copper to (8). 

4. From (2) and (3). One No, 1 Blake breaker, 18 X 24 inches, crushing 
to inches, Mass copper, picked out. to (8) ; residue to (5). 

5. Two No. 2 Blake breakers, 9 X 15 inches, crushing to 23 inches. To (7). 

6. From (2) and (3). Two No. 3 Blake breakers, 13 X 20 inches, crushing 
to 3 inches. To (7). 

7. From (1). (5) and (6). No, 1 bin for milling rock, with double V-hottom. 
holding 3.000 tons. By 10 gates and chutes to hopper bottom cars holding 17 
tons, and thence 6$ miles to (11). 

8. From (2), (3) and (4). No. 2 bin for mass copper. By gate to (9). 

9. Steam hammer. Cleaned mass copper to smelter; rich copper rock to (10). 

10. One No. 3 bin for rich milling rock. By gate and chute to special car 
and thence to (11). 


Mill. 


11. From (7) and (10). No. 4 or receiving bin, holding ahout 3.000 tons, 
with flat bottom and divided into five sections. One section is further divided 
into two parts, one part to receive stuff from (19). To (12). 

12. Five picking chutes. Rich copper rock to (13) just before clean up: 
wood, chips, ete.. to waste; residue to (13). 

13. From (12), (14). (15), (16). (18), (19). Five Allis steam stamp: 
using screens with 4.76-mm. round holes, Pulp by five No. 1 distributors to 
(17); residue in mortar at time of clean up to (14). 

14. Wash trommel. Coarse material hand picked into copper to (36) and 
rock to (13) ; fine material to (15). 

15. One No. 2 grizzly with 1-inch spaces. Oversize hand: picked into copper 
to (36) and rock to (13) : undersize to (16). 

16. One No. 1 or cdver jig. A 1-sieve cam driven spring return jig. Discharge 
is No. 1 copper to (36) ; hutch to (17) ; tailings to (13). 

17. From (13) and (16), Twenty No. 1 hydraulic classifiers, each with four 
spigots. 1st apigots to (18) ; 2d to (19) ; 3d to (20) ; 4th to (21) ; overflow to 
five of the tanks (28). 
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I) appeals for a its. 
Dual resort as ite ie 


(r) THe aRnasrRA, 

§ 756, Mill $1, which ix the only mill in this group, ia n tributer’s mill, such 

as occurs in a number of districts in California, being used to re-treat the tailii 

of gold stamp mills. Tho catch is probably from gold particles ineluded in 
quartz and perhapa alzo in a little of the flattish auri pyrite, which has 
the vanners and canvas tables. In some cases arrastras are used upon 

the ore ag it comes from the mine. 
Sreriusy Layacsixo’s Anrasrnas, Anagis Camp, 
24 hours The mill runs 24 hours 
treated is tailings 


per arrastra, total cost of theve chemicals 

being $0.60. Every day the finely ground charge is flushed out to waste and a 

new charge shoveled in from the settling tanks. About every three months the 
arrastras are cleaned out for the accumulated ammlgam. 

At one clean up three arrastras yielded 13 pounds of amalgam worth $75 per 

pound. Three strong men working 13 or 14 hours per day can run four arras- 

tras. The arrastras are driven by water power. ithe ‘material coming to this 


mill assays about 0.02 ounce gold per ton. In the settling.tanke it ia ay 
concentrated up to about 0.062 ounce per ton, The arrastras save about 0.0: 
to 0.035 ounce gold from each ton treated although eometimes it goes as low as 
0.02 ounce, 


(8) SILVER MILLS WET OR Dity, 


$758, The wet silver mill or Washoe process is in two forms. One is called 
the tank mill and uses breakers, gravity stamps, settling tanks, amalgamating 
pans for grinding, chemical treatment and amalgamation, settlers and agitators, 
‘The other is called, from its inventor, the Bors continuous system of sulaae: 
tion and uses breaker, gravity stamps, pans for grinding, pans for chemical treat- 
ment and amalgamation, settlers und agitators. They both use one or more of 
the following chemicals as needed, adding them in the order called for: mercury, 
the iron of the Fes iparria atin! (blue stone). codium chloride (common salt), 
apenas acid, soda ash, quick lime (burnt lime), 

‘he dry silver mill or Reese ie roasts the ore with salt and thon 
amalgamates in amalgamating pans, It uses breaker, dry gravity stamps, con- 
veyor, roasting furnace, cooling floor, pang, settlers and agitators. Mercury and 
the iron of the pan are the only chemicals uzed other than those in the roasted ore. 

The two processes, on account of the chemical reactions used in them, are 
treated in the books on metallurgy and the render ix referred for descriptions of 
them to King,"* Schnabel,** Dgloston,'* Hissler® and Phillips.* 

(¢) SILVIH COMBINATION MILLS COMMINING GOLD MILLS 4ND WEY SILVER MILLS 
OR WASHOE PROCRSS,  ~ 

§ 759. This group includes Mills 82, 83 and $4. The treatment takes out the 
free gold ne amalgam on amalgamated plates, and the rusty gold and sulphides of 
the valuable as concentrates of the vanners, The included geaina and toe 
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7. One No. 3 trommel with 12-mesh square holes. Oversize to (11) ; under- 
size to (8). 
8. Ds a, 1 hydraulic classifier with one spigot. Spigot to (12) ; overflow to 
9). 
: »: One No. 1 surface current box classifier with one spigot. Spigot to (13); 
overflow to (22). . Z ae 
10. From (6). Two No. 1 jigs. 2-sieve Harz jigs. Skimmings and hutches 
to (21) ; tailings to (14). 
Ti. From (7). One No. 2 jig. 3-sieve Harz jig. Hutches to (21) ; tailings 


14). 
£ From (8). One No. 3 jig. 3-sieve Harz jig. Products like (11). 
13. From (9). One No. i double Gilpin County concentrator. Heads to 
(21) ; tailings to (22). 
14. From (10), (11) and (12). One No. 1 unwatering box with one spigot. 
Spigot to (15) ; overflow to (22). 
15. Ten gravity stamps arranged in two batteries and having mercury fed to 
the mortars. Pulp to (16) ; mortars cleaned out fortnightly for amalgam. 
16. Two amalgamated plates. Pulp from one plate to (17); pulp from the 
other plate to (19) ; amalgam removed periodically and retorted. 
17. One No. 1 mercury trap. Pulp to (18) ; heavy sand and. amalgam removed 
periodically and the amalgam panned out and retorted. 
18. One No. 2 double Gilpin County concentrator. Heads to (21) ; tailings 
to (22). 
19, From (16). One No. 2 hydraulic classifier with two spigots. Each spigot 
to one half of (20) ; overflow to (22). 
20. One No. 3 double Gilpin County concentrator. Heads to (21) ; tailings 
to (22). 
21, From (10), (11), (12), (13). (18), (20). The concentrates are caught 
in boxes, loaded in bulk into railroad cars and shipped to smelter. 
22. From (9), (13), (14), (18), (19). (20). ‘Tailings launder to waste. 
$765. Mitt No. 86. Rocky Mountary MILt, BLacKiAWK, GILPIN CounTY. 
Cotoravo.—Capacity 75 tons in 24 hours. The mill runs 24 hours per day. 
6 days per week. The ore consists of the gold and silver bearing economic min- 
erala pyrite, chalcopyrite, blende and galena, and a gangue of quartz and disinte- 
grated granite. The problem is to save the gold and silver. The ore is brought 
in cars holding 10 tons, 10 cars to a train, or by 4-horse wagons, weighed and 
dumped into (1). 
_ 1. Six receiving bins, cach holding 20 tons. By shovel to (2). 
2. One No. 1 Blake breaker, 7 X 10 inches, crushing to 1 inch. To (3). 
3. One pair of No. 1 rolls, 30 X 14 inches, set $ inch apart. To (4). 
4, From (3) and (6). One No. 1 bucket elevator, to (5). 
One No. 1 trommel with 9-mm. round holes. Oversize to (6) ; undersize 
to (7). 
6. One pair of No. 2 rolls, 30 X 14 inches, set close together. To (4). 
7. From (5). A Collins sampler. Sample (about 1% of total) is sampled 
down further by the assayer; remainder to (8). 
8. One No. 2 trommel with 6}-mm. round holes. Oversize to (14) ; under- 
size to (9). 
aa one No. 3 trommel with 3-mm. round holes. Oversize to (16) ; undersize 
10. One No. 4 trommel with 1}-mm. round holes. Oversize to (18) ; under- 
size to (11). 
a ut One No. 1 hydraulic classifier with one spigat. Syigst to (21) ; overflow 
12). 
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one-inch cube is used as this saves the cast of drying. The ore is brought in 
cars holding 4,000 pounds, dumped upon a platforin 10 fect square, and shoveled 
to (1). 

i One No. 1 Buchanan breakes 

2. One No. 1 trommel with 
to (4). 

3. One No. 2 breaker, a Buchanan granulator, 3 X 30 inches, crushing to } 
inch. To (4). 

4. From (2) and (3). A belt conveyor, to (5). 

5. From (4) and (7). One pair of No. 1 rolls, 24 X 14 inches, set 3 to } inch 
apart. To (6). 

6. From (5) and (8). One pair of No. 2 rolls, 18 X 12 inches, set close to- 
gether. By No. 1 bucket elevator to (7). 

7. One No. 2 trommel on which the screens are changed to suit different ores. 
The holes vary from 20-mesh square holes to 6.4-mm. round holes, Oversize to 
(5) ; undersize to (8). 

8. A modified Buchanan magnetic separator. Heads to blast furnace; tail- 
ings partly to (6) and partly to waste dump. 

The labor required is 4 men per 10 hours: 1 foreman, 1 breaker man, and 2 
trommel men. Wages vary from $1.10 to $1.25 per day. Board costs $17 per 
month, coal is $2 per ton and wood is $3.25 per cord. 

Power is furnixhed by two steam engines; one 75 horse power engine drives the 
breakers and trommels, and one 10 horse power engine drives the dynamo. 

The ore contains about 25% iron (Fe) and 1% phosphorus (P) ; the concen- 
trates contain about 61% iron and from 0.3% phosphorus down to the Bessemer 
limit (about 0.045%) ; the tailings contain 11 to 17% iron. 

§ 771. Mint No. Epison Magnetic ConceNTRATING PLANT, NEw JER- 
SEY AND PENNSYLVANIA CONCENTRATING ComPANy, EpisoN, NEw JERSEY.— 
Capacity 4,000 tons in 20 hours.* This mill was intended to run 20 hours per 
day. 6 days per week. ‘The ore consists of the economic mineral magnetite and a 
gangue of feldspar with a little quartz and apatite. The problem is to save the 
iron ax free from phosphorus as possible. ‘The ore is mined in an open quarry 
and contains lumps weighing up td 5 tons each. It is loaded by steam shovel 
upon skips holding 63 tons each, which are hauled to the mill on cars by loco 
motive. The skips. which are of the open flat form used in quarry work and are 
suspended by two chains and hooks at the front end and one chain and hook in 
the rear, are lifted at the mill by two electric travelling cranes and then by 
unhooking the two front hooks they are dumped to (1). 


9X 15 inches, erushing to 14 inches. To (2). 
m. round holes, Oversize to (3); undersize 












Coarse Crushing House. 


1. One No. 1 roller fecder, 3 fect diameter and 6 fect long. To hopper 6 feet 
square and thence to (2). 

2. One pair of No. 1 or giant rolls, 72 X 72 inches, set 14 inches apart, To 
(3). 
3. One pair of No. 2 or intermediate rolls, 48 X 60 inches, set Y inches apart 
By No. 1 bucket elevator to (4). 

4. One pair of No. 3 or first corrugated rolls, 36 X 36 inches, set 34 inch# 
apart. To (5). 

5. One pair of No. 4 or second corrugated rolls, 36 X 36 inches, set 1} inchs 
apart. To (6). 

PG. One pair of No. & or third corrugated rolls, 24 X 20 inches, set 4 inch apart 
By No. 1 belt conveyor and thence by No. 2 bucket elevator to (7). 
© It has run as high as 200 tons per hour. 
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24. From (18) and (22). One No, 12 Robins belt conveyor for concentrates. 
‘To bin holding 100 tons. 

‘The ore contains 60% iron and 1.60% phosphorus. The iron concentrates con- 
tain 69% iron and 0.18% phosphorus. ‘The tailings from the first magnetic 
separators contain 16% iron, ‘The apatite from the last magnetic separator 
contains 139% phosphorus and 24 to 4% iron. One hundred tons of ore yield 
about 83 tons of iron concentrates. 





(w) MAGNETIC COMBINATION MILLS. 


$774. This group includes Mills 92 and 93 and the plant at Monteponi, Sar- 
dinia. ‘These mills combine magnets with other systems as main or subordinate 
means of separation, Mill 92 uses breakers, picking table for waste garnet, 
rolls, drier, sereens and magnets for valuable franklinife, and on tailings of these 
magnets uses jigs for valuable calamine and zincite. Mill 93 uses breaker, rolls. 
and log washer for waste clay, sereens and jigs for lead concentrates and zine 
iron middlings, and calcining furnace and magnets to remove iron from the zine. 
The Monteponi plant is put in here to illustrate foreign practice. It uses 
breakers, rolls, screens, classifiers, and jigs to save the zine as far as possible and 
then adds to this roasting furnaces and magnets for the recovery of the zine from 
the ferruginous ores ; fines are treated by classifiers, fine jigs, and Ferraris ‘ables. 

$775. Mitt No. Werterttt Magnetic Concentratina PLANT, STER- 
11Na Inox aNp Zixc CoMPANY, FRANKLIN Furnace, New JERsey.—Capacity 
200 tons in 24 hours. ‘The mills runs 24 hours per day, 6 days per week. ‘The 
ore consists of the economic minerals franklinite, willemite, fowlerite, zincite, 
and tephroite, and a gangue of quartz, calcite, garnet, mica and graphite. The 
problem is to separate the material into three classes: (a) franklinite. fowlerite, 
and tephroite for the zinc oxide furnaces and the residue then to the spiegel fur- 
nace; (b) willemite and zincite to the spelter furnace; (¢) remainder to waste. 
The treatment is first to remove franklinite, fowlerite, tephroite and garnet br 
hand picking and powerful magnets the garnet heing separated from the other 
three minerals by variation in the power of the magnots composing the machine: 
second to jig the willemite and zincite from the calcite, quartz and mica. The 
ore is hoisted in cars holding 5,600 pounds and run on a transfer car 60 feet t0 
qa). 

4. Two grizzlies with 1}-inch spaces. Oversize to (2): undersize to (2). 

2. Four No. 1 bins, two for coarse and two for fine, holding 125 tons each. 
with bottoms sloping 30°. Coarse ore by gates to cars and thence by inclined 
hoist to (3) ; fine ore by gates to cars and thence hy inclined hoist to (6). 

3. Receiving floor, 14 X 154 feet, with capacity of storing 50 tons of ore. BY 
shovel to (4). 

4. One No. 1 Blake breaker, 15 X 30 inches, crushing to 4 inches. To (5). 

5. One No. 1 trommel for coarse ore with 12.7-mm, square holes. Oversize to 
(8) ; undersize by No. 1 Robins belt conveyor to (10). 

6, From (2). No, 1 drier consisting of six chutes 20 feet long, 15 inches wide 
sloping 30°. made of cast iron plates, heated by furnace fiues below. The or 
stream is 6 inches deep and is moved down the chutes by endless chain scrape 
moving 63 feet per minute. By No. 1 bucket clevator to (7). 

7. Two No. 1 trommels for fine ore with 12.7-mm. square holes. Oversize to 
(8); undersize to (10). 

8. From (5) and (7). One picking table in the form of a chain plate convert 
divided by fins into three longitudinal parts. Center part containing pickel 


sang Pai ls the mill that i referred to a No. 98 throughout the book except in Chapters IX., X., XII, XV 
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separators arranged in two sets with three in series in each set. Heads of all 
three magnets (clean franklinite) by No. 5 belt conveyors to (34) ; tailings 
of 3d magnet (clean willemite and zincite) wheeled to (43). 

31, From (26), (27), (28) and (32). Two pairs of No, 4 rolls, set close 
together. To (32). 

32. No. 1 vibrating screens with 30-mesh square holes. Oversize to (31); 
undersize to (33). 

33. No. 2 vibrating screens with 50-mesh square holes. Oversize by elevator 
to (29) via (25); undersize by elevator to (30) via (25). 

34. From (18), (20), (26), (27), (28), (29), (30). One No. 4 bucket 
elevator. By No. 7 belt conveyor to (43) 

35. From (26). Two No. 1 jigs. 4-sieve Harz jigs. Ist, 2d and 3d dic 
charges (clean willemite) to (41); 4th (willemite, limestone, graphite and 
mica) returned to same jig; Ist, 2d and 3d hutches to (41); 4th returned to 
same jig; tailings to (44 

36, From (27). ‘Two 4-sieve Harz jigs. Products like (35) 

37. From (28). Two B-sieve Harz jigs, Ist hutch (clean wille 
mite and zincite) to (41); 2d to (41) or returned to same jig; 3d returned to 
same jig; tailings to (44). 

38. From (29). ‘Two No, 4a jigs. 2-sieve Harz jigs. Ist hutch (clean 
zincite and willemite) to (41); 2d to (41) or returned to same jig; tailings 











to (39). 
39. Two No, 2 unwatering hoxes, Spigot to (40) : overflow to (45). 
40, Two No. 4b jigs. 2-sieve Harz jigs. Ist hutch to (41) or returned to 
same jig; 2d returned to same jig: tailings to (41). 


ui From (35), (36), (37); (38) and (40). One,No. 7 platform elevator 
to (12). 

12. One No. 2 drier, like (6) except that it has‘no scrapers and only three 
chutes. By No. 8 bucket elevator to (43). 

43. From (30), (31) and (12). Seven No, 4 bins for concentrates, four beint 
for franklinite and three for willemite and zincite, each 14 fect long, 10} feet wide, 
and 94 fect deep, with a capacity of 100 tons. The franklinite is shipped to fur- 
naces to be worked for zine oxide and spiegeleisen. The zincite and willemite ge 
to the spelter furnace. 

44. From (35). (36), (37) and (40). Two No. 1 unwatering boxes. Spig- 
ots wheeled to waste dump; overflow to (45). 
|. From (39) and (11). Waste launder to ereeck, 

Power is furnished by two boilers 18 fect long, 66 inches diameter, with tubes 
43 inches diameter and inning under a steam: pressure of 100 pounds per 
square inch, One compound engine with eylinders 10 X20 inches and 18X20 
inches, making 150 revolutions per minute, cutting off at yy stroke on the hish 
pressure cylinder and fy stroke on the low presse, drives the crushing me 
chinery. One compound engine with cylinders 12X24 inches and 22x" 
inches, making150 revolutions per minute, cutting off at stroke on the hist 
pressure cylinder and ,' stroke on the low pressure, drives the concentrating 
machinery and the dynamos. There are two compound wound multipolar 2+ 
kilowatt dynamos made by the Eddy Electrie Manufacturing Company. each 
generating 180 amperes with 52 volts and used for the magnetic separator 
and electric lights in series or in parallel. 

The fine tailings of No. 7 separator (30) contain 2.5% iron, 5% manganes. 
and 12 to 44% zine. The coarse jig concentrates contain 1.5 to 2% iron and 
3 to 5% manganexe. Owing to difference in friability the coarse jig concentrate 
are willemite and the fine ig, concentrates are zincite with some willemit. 
One hundred tons of ore yicld about 56 tons of clean franklinite, 30 tons of wi 






































cand zincite, and 14 tons of waste tai 
ed See ae se (a0), 


considerabl tr anne ie process a a 


$1776. Mill No. 92 in its Improved Form. 
is dumped to (1). 





Pea aes 1 fixed inclined arate wih 26-mm. tne Orentea aa ‘and undersize 
5 from (4) and Mata A fete picking belt. Waste rock to dump; residue 


Ay ine No. 2 Blake breaker, 6X 20 inches duplex, crushing to } inch. To 
5 nee No. 1 trommels with 6.4-mm. square holes. Oversize to (8) ; undersize 


8. Two pairs of No, 1 rolls, 30 X 15 inches, sot close ae To (9). 
ts ree) and (8), One No, 1 bucket olevator. he Cl «) 


dk rc 9) and a (iO) An Edison Deer. conveyor and chute to (12). 
b 12. ir (0. 2 trommels with 2.2-mm, square nates Oversize to (13) ; under- 
ine to 
13. Two pairs of No. 2 rolle, 24 X 16 inches, set close together. 14). 
14, From (13) and (13). One No. 2 bucket elevator. To (15). ret 
15. Four No. 3 trommels for No, 2 rolls with 1.6mm, square holes, Over- 
size to (16); underaize to (19). 
16. One No, 4 trommel with 254-mm, square holes, Oversize (sticks, ete.) 
to waste; undersize to (17). 
ph From (35) and (18). One pair of No. 3 rolls, 24 X 14 inches, set close 
re No. 8 bu elevator to (18). 
18, Two No, 3 ne for No. 8 rolls with 1.6-mm. square holes. Oversize 
to gn ;undersize to (19) 
m (15) and (28). Pour No. 2 rubber belt conveyors, followed by two. 
Ned eawee e (20). 
20, Six No, 1 bins or circular tanks. To (21). 
21. Six No. 1 Wetherill magnetic separators. Heads by No. 4 conveyors and 
No. een to (38) ; tailings by No, 5 conveyors and No, & elevators to (22). 
Twp He 5 trominels with 0.94-mm, square holes. Oversize to (27) via 


to (23). 
7 a fo 8 a with OMt-mm. square holes. Oversize to (28) vin 


Bes Pim with 0.58-mm. square holes, Oversize to (29) via 
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25. Two No. 8 trommels with 0.25-mm. square holes. Oversize to (30) via 
(26) ; undersize to (31) via (26). 

26. From (22), (23), (24), (25). ‘Ten No. 2 bins or circular tanks. Each 
pai receives a trommel product and they deliver to (27), (28), (29), (30) and 
_ 2%. From (22) via (26). Six No. 2 Wetherill magnetic separators arranged 
in two rows with three in series in each row. Heads of all three magnets con- 
veyed to No. 4 conveyors und thence by No, 4 elevators to (38) j tailings of let 
magnet elevated to 2d magnet ; tailings of 2d magnet elevated to 3d magnet ; tail- 
ings of 3d magnet to (32). 

28. From (23) via (26). Six No. 3 Wetherill magnetic separators arranged 
in two rows with three in series in each row. Products like (27) except tailings 
of 3d magnet to (33). 

29. From (24) via (26). Six No. 4 Wetherill magnetic separators arranged 
in two rows with three in geries in cach row. Products like (27) except tailings 
of 3d magnet to (34). 

30. From (25) via (26). Six No. 5 Wetherill magnetic separators arranged 
in two rows with three in series in each row. Products like (27) except tailings 
of 3d magnet to (35). 

31. From (25) via (26). Six No. 6 Wetherill magnetic separators arranged 
in two rows with thrve in series in each row. Products like (27) except tailings 
of 3d magnet are caught in a hopper and are conveyed to No. 6 elevator and 
thence to (40). 

32. From (27). Two No. 1 jigs, d-sieve Harz jigs. Ist, 2d and 3d dis 
charges to (39) ; 4th returned to same jig; Ist, 2d and 3d hutches to (39) ; 4th 
returned to enme jig: tailings to (41). 

33, From (28). Tw 2 » 














eve Harz jigs. Products like (32). 
34. From (29). Zi sieve Harz jigs. Ist and 2d discharges 
to (39); 3d returned to same jig; Ist and 2d hutches to (39); 3d returned to 
same jig; tailings to (41). 
35. From (30). Two No. + jigs. 
to (39) or returned to same jig; 
36. Two No. 2 unwatering boxe 





ieve Tlarz jigs. 1st hutch to (39) ; 2d 
to (36). 
pigot to (37) ; overflow to creek to waste. 

37. Two No. 5 jigs. 2-sieve Ha Ist hutch to (39) or returned to 
same jig; 2d returned to same jig; tailings to (41). 

38. From (21), (27), (28). (29). (30), (31). An elevating conveyor and 
bins for franklinite concentrates. To furnaces. 

39. From (32), (33), (34), (35). (37). Cars and clevator to No. 2 revoly- 
ing cylindrical drier and thence by No. 6 bucket elevator to (40). 

40. From (31) and (39). Two bins for willemite and zincite concentrates. 
To furnaces. 

41. From (32), (33), (34), (3%). No. 1 unwatering boxes. Spigots by 
cars and platform elevator to waste dump: overflow waste to creck. 

One set of figures of the work done is as follows: 






















INKS [MBA [erection aft ca 
This is better work than that done by the mill as originally started. There is 
about 5% iron and manganese together in pure willemite and zincite concen 
trates, - 
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12. From (9), (10), (11). Two reverberatory roasting feniee with hearths 
7 feet X 8 or 9 feet, for rendering the iron ore magnetic. To 3). 

13. Cooling floor with area of about 1,000 square feet. The ore is partly 
quenched with water and goes by No. 2 bucket elevator to (14). 

14. A Payne two-drum magnetic separator. Heads to iron blast furnace; tail- 
ings to zine furnace. 

‘The lead concentrates contain about 60% lead, the iron concentrates contain 
about 48% iron and the zine concentrates contain about 35% zinc and 4 to 6% 
iron. One hundred tons of ore yield 50 tons of clay washed off in the log washer, 
24 tons of lead concentrates, 124 tons of iron concentrates, and 35 tons of zinc 
concentrates, 

§ 779. Tuk Coxcentration Works at Montepont, Sarprnta.‘°*—The ore 
consivta of the economic mincrals calamine,smitheonite,and ochreous iron ore with 
some galena, cerrusite, siderite, and blende, and a gangue of limestone and 
dolomite with some barite. ‘The smithsonite is very hard and is found mostly 
in the crushed sizes above 10 mm. The calamine is friable and ferruginous and 
forms with the ochreous iron ore mixed iron-zine ores which are difficult to 
separate in the wet way. In the zine dressing mill these mixed ores gradually 
work down into the finer sizes and form middlings which go to the magnetic sep- 
aration ; some of the iron-zine ores are so light that they go with the gangue as 
waste. “The galena is very compact and acts similar to the emithsonite. It car- 
ries 0.2% silver. The cerrusite is friable and is found in the finest crushed 
sizes. It ix poor in silver. 

For twenty years previous to 1886 the company used no concentration beyond 
hand picking «nd during this time they accumulated 225,000 metric tons of ma- 
terial on the surface containing 13% zinc, 100,000 metric tons of material in 
the mine containing 18% zine, » anid 300,000 tons of unbroken ore in the mine 
containing 12% zine. ‘Lead is present in amounts varying from } to 2%. 
From tests it was calculated that the above 625,000 metric tons could be con- 
centrated to yield 517,000 tons of tailings with 9% zine and 108,000 tons of 
« concentrates with 34% zinc or 80,000 tons of calcined zine concentrates 
with 46% zine. 

The ore from the mine to-day is divided into the following classes, the 
division between rich ore and poor ore being roughly made at 25% zine: (a) 
zine ores containing over 25% zinc, averaging 34.5% zinc, go straight to the 
calcining furnace; (b) granulated cerrusite containing 60% lead and some sil- 
ver goes to lead smelter; (¢) smithsonite containing 70% lead and 0.2% silver 
gos separately to lead sinelter; (d) ferruginous ore with 26% zine and 40% 
iron oxide goes to the metic mill; (¢) mixed ores and fines with 139% zine 
go to the zine mill; (f) with 8.5% zine is thrown aside; (g) waste mate 
rial with 2% zine goes to the dump. 





























Zine Mill. 


Capacity 210 metric tons per day (probably 10 hours). The material is 
brought in little wagons, each holding 0.5 cubic meter (1,500 pounds) ani 
dumped into (1). 

1. Two ho 











with 100-mm. spaces. Oversize hand picked into 
Tead_ concentrat: ne concentrates to (24), and residue or mixed om 
to (2)3 undersiz vrs with feeders at the bottom, to (3). 
2. From (1) and (4). One Blake breaker. By No. 1 bucket elevator to (1). 
3. From (1). ‘Two sets of inclined shaking sereens, each ect having a 30-mm. 
serecn 3.3 m. long above, and an 8-mm, screen 2.7% m. long below. Two hundred 
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settling boxes and thence go by wagons to the waste dump, or some of the 
products are rich enough to go to the magnetic mill. 

All the overflows of the clasifiers and of the settling boxes for the jig 
products previous to paragraph (17) are delivered to the pointed box (17). 
The overflow of this is collected in a settling tank 6X6X5 meters deep 
and having a hopper bottom and gate for the periodical removal of the settled 
mud. Four centrifugal pumps in two sets with two pumps in series in each set, 
cach set run alternately, lift the water from this tank to one of the two supply 
tanks at the top of the mill. Water from the mine pump is delivered to a tank 
in the mill and is lifted by two centrifugal pumps, run alternately, to the other 
supply tank at the top of the mill. One of these supply tanks supplies the 
shaking screens, the Nos. 1, 2 and 3 jigs and the hydraulic classifiers ; the other 
supplics the trommels and the rest of the jigs. ‘The mill uses 3,500 liters of 
water per minute of which 1,500 liters come from the mine pump and 2,000 liters 
are repumped in the mill. 

Power is supplied by a steam engine with two cylinders, each 400 mm. diam- 
cter and 750 mm. long. The mill, together with its electric lights, requires about 
100 horse power. 

The ore coming to the mill averages 12% zine and the daily product of cal- 
cined zine concentrates from the mill amounts to 18,609 tons containing 46% 
zine, The concentrates before calcining contain 34% xine. ‘The average of the 
total ore mined ix 13.32% zine and the total daily product of calcined zine con- 
centrates from rich ore and the mill is 26.822 metric tons containing 46% zine. 
In 1899 the company produced 13,000 metrie tons of calcined zine concentrates, 
3,000 tons of metallic lead and 3,000 kilos of silver. 


Magnetic Mill 


‘The material treated is the mixed zine-iron ore from the mine and from the 
zine mill. It is brought by No. 1 bucket elevator to (1). 
Three continuous revolving furnaces having the flame passing through them. 
slope 3° 35’ and make 16 revolutions per hour. ‘The grate has an area 
of 1.5 sq. m. and has a deep fire supplied by an air blast. The ore passes through 
the furnace in about six hours. The roasted product goes to (2). 

2. From (1) and One No. 2 bueket elevator. To (3). 

3. A sectional trommel having 1, 1.6, 3 and 6-mm. holes. Over 6 mm. to 
(4); other four sizes by four little feeders to (6). 

4. From (3) and (6). One No. 3 bucket elevator, To (5). 
5. One of rolls. To (2). 

6. From Four Ferraris magnetic separators, Heads (zine concen- 
trates) to (7); middlings to (4); tailings (iron ore) to dump. 

4. The zine concentrates go straight to market except the material below 
1 mm. which contains so much dolomite that it has to be jigged. 

A dynamo with 12 amperes and 60 volts runs the magnetic separators and the 
clectrie lights. 

The ore co 
ant, treated 





























ins about 26% 
400 tons, and 
Since then they have improved the work so that they get conce- 
swith 15% zine. 












Fine Concentration Plant.°° 


built after the zine mill and has a capacity of 20 tons in 11 hour 
‘The material treated is probably some of the fine products from the zine mill. 
containing ‘calamine, cerrusite and galena, and gangue. It is first sized in a 
trommel with 1 or 1.5-mm, holes. ‘The oversize passes to a 5-sieve jig and the 
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14. From (13) and (16). One No.1 trommel. Sectional with 1-inch round 
holes and 4-mesh square holes. Over 1 inch to (15); through 1 inch on 4 mesh 
to (16) ; through 4 mesh to (17). 
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FIG. 524b.—PLAN OF SAMPLING PART OF MILL 94. 
15. Picking bin. Bolts, pick points, ete., to waste; residue to (16). 
16. From (14), (15) and (25). One pair of No. 2 rolls, 27 X 14 inches, st 
+ inch apart when crushing. By No. 3 bucket elevator, lifting 35 feet, to (14). 
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This mill is a most excellent example of the use of graded fine crushing to 
avoid the formation of slimes. Each particle that is crushed sufficiently fine is 
immediately sifted out and removed fiom further crushing. Also each pair of 
rolls cleans up its own oversize, that is the particles which are not crushed suili- 
ciently fine by their first passage through a pair of rolls are returned to the 
samme pair until they are so crushed. 

§ 781. Evmore Oi, Concentration MILL aT THE GLAspIR Ming, DowcELty. 
Waces.\—Capacity 50 tons per day (probably 24 hours). The ore consists of 
the economic mincral chalcopyrite, finely disseminated, and a gangue of hardened 
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FIG, 524d.—SECTION OF CRUSIIING PART OF MILL 94 ON CD oF Fia. 524¢. 


slate. The problem is ta sa 
The ore is delivered to (1). 
1. A Comet breaker. ‘To (2). 
2. Atrommel. Oversize to (3) ; undersize to (5). 
3. Jaw breakers. To (4). 
4. Rolls. To (5). f 
5. From (2) and (4). Three 5-foot Huntington mills using screens with No. 
6 needle slot, equivalent to 30 mesh. To (6). 
6. Four No. 1 mixing drume, to which oil is added. To (7). , 
1, Four No. 1 small settling boxes, Spigots to (8) ; overflow to (12). 
4. Four No, 2 mixing drums, to which oil is added. To (9). 
9. Four No. 2 small settling boxes. Spigots to (10) ; overflow to (12). | 





the copper and its accompanying gold and silver. 
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heated horizontal flues, or in sone cases it drains in the tank until it is stiff 
enough to be cut into bricks which are removed and dried on racks, which are 
roofed over, but are open at the sides. 

§ 786. CorcnpuM aN Emery Dresstxc.—The problem here is to remove 
the impurities and at the same time preserve the sharp edges and corners of 
the mineral grains. The usual method of procedure, after the ‘preliminary 
breaking, is to treat the material by the so-called “muller” process, usin; 
form of washing pan with wooden rollers (see § 265) the action of which is 
the grinding of one particle against another, whereby the tale. chlorite, mica. 
ete., are worn off from the harder mineral, and removed by a stream of water. 

At the works of the International Emery and Corundum Company, Corundum 
Hill, North Carolina,’ the material is that known as sand corundum, being 
mostly fine sand with some pieces 1 inch or more in diameter. The gangue is 
soft chlorite and vermiculite plates and scales. The first step is to subject the 
ore to the scouring action of a stream of water as it is being sluiced 13 miles 
from the mine to the mill. This action is increased by several vertical drops 
of 5 to 10 feet in the sluice. After reaching the mill, what will not pass through 
a 14-mesh screen is crushed in rolls until it will pass through, and, with the 
undersize of the screen, is stirred with hoes in a washing trough which washes 
off the light stuff to waste. The final cleaning of the residue is done by the 
“mullers” mentioned above. The concentrates of these are drained, dried and 
sized on a 14-mesh screen. and the undersize is shipped to the emery mill at 
Chester, Massachusetts. described below, where it is graded into sizes for the 
market ; the oversize of 14 mesh goes back and is put through the mill again. 

At this same place the block corundum occurs mixed with tough hornblende, 
feldspar and gneiss. The few large blocks are broken by heating and quenching 
with water, and all is crushed by breakers and rolls to pass through a 14-mesh 
sereen. It then goes to a form of double horizontal log washer, called an “auger.” 
fed at the middle and discharging at both ends. From this point on, the 
treatment by washing troughs. “mullers.” ete., is exactly the same as in the 
preceding case, and it ix also shipped to Chester for gradin, 

Some corundum mills are built along the style of simple jigging mills. The 
mill of the Canada Corundum Company, Limited. in Raglan township, Ontario. 
is as follo The ore, which contains the corundum associated with magnetite 
and mica ins feldspar gangue, comes to (1). 

1. No. 1 or mill bin. To (2). 

2. A Gates breaker, No. 2. By No. 1 bucket elevator to No. 2 or ore bin and 
thence to (3). 

3. From (2) and (4). One pair of Gates Economic rolls, 24 X 14 inches 
Ry No. 2 bucket elevator to (4). 

4. One No. 1 trommel. Sectional with 5. 8 and 11-mm. holes. Over 11 mm. 
to (3); through 11 on 8 mm. to (7) : through 8 on 5 mm. to (8) ; through 5 mm. 
to (5). 

5. One No, 2 trommel. Sectional with 1.5 and 3mm. holes. Over 3 mm. 
to (9): through 3 on 1.5 mm. to (10): through 1.5 mm to (6). 

i. Classifier. Spigot to (14): overflow to slime tank. 
. From (4). No. 1 Harz jig using 94-mm. sieves. Concentrates to (11): 
tailings to waste. 

&. From (4). No. 2 Harz jig using 64-mm. sieves 

9. From (5). No. 3 high speed jig using 4-mm. si Product like (7). 

10. From (5). No. 4 high sneed jig using 24-mm. sieves. Produete like (1). 

11. From (7). (8). (9). (10), (12), (18). One pair of high speed Colorado 
rolla, 30 X 6 inches. To (12). 















Products like (7). 
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are treated every month yielding on an average 24%, or about 150 tons of 
concentrates per month. “The final tailings do not contain over 0.5% metal- 
lic tin. Seventy-five per cent. of the concentrates comes from the jigs, 15 to 
20% trom, the revolving tables and 4% from the concave buddles. 

In Perak in the Malay peninsula** the cassiterite in placers is recovered by 
trough washers and hand jigs; hydraulicking and riffle sluices are also used. For 
treating the lode tin the Pahang Corporation® has a mill of sixty gravity stamps, 
using screens with 80 to 120 burr holes per square inch, each stamp treating 
about 24 tons per day. The pulp was formerly concentrated by the old Corn 
ish eystem but now the pulp goes without classification directly to Frue vanners 
with corrugated belts, there being three vanners for every ten stamps. The ore 
concentrates contain over 70% metallic tin, the impurities being oxide of iron, 
a little silica and yy to 4% copper. The total loss is 5 to 8 pounds of tin 
oxide per ton (0.22 to 0.36%). On ores with eonsiderable pyrites the vanners 
yield heads with 25 to 45% oxide of tin which go to calciners, and tailings with 
0.13 to 0.22% oxide of tin. Two pulverizers grind 250 tons of poor coarse con- 
centrates per month which go to two Frue vanners with plain belts, yielding 
clean heads, and tailings with not over 0.279% oxide of tin, when working on 
concentrates with 10% oxide of tin. 

In Bolivia, the per cent. of cassiterite in the ore is quite high. The native 
system of concentrating is to crush by a Chili mill or a primitive rocking stone 
mill and concentrate cither on equare buddles or in washing troughs sometimes 
supplemented by hand jigs. In the mills which have been erected by foreigners 
the crushing is done by stamps, ball mills or Huntington mills, and the crushed 
material is treated on jigs and Frue vanners, or jigs and round buddles; on 
mill uses the old Cornish eystem. 








BIBLIOGRAPHY OF OUTLINES oF MILLS. 
This will be found at the end of Chapter XXI. 
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have to be arranged in a more or less predestined order and it is hard to make 
additions which shall be conveniently located with respect to the original. 

‘The flat site with a sloping mill is well illustrated by Mill 40 (see Fig. 5192). 
‘The advantages of this form are that it saves the expense of excavating and build- 
ing retaining walls; that it is accussible inside and out; that additions can easily 
be made to it at any desired point; that it requires no more clevators than th 
mills built on a gentle slope. ‘The disadvantages are that the ore has to be ele- 
vated as a rule at the start ; that one end of the mill has to be built up on a frame 
work ; and that it may be necessary to elevate concentrates and tailings. 

The flat mill on a flat location is represented by Mill 25 (sce Figs. 513a and 
513d). ‘This class has the advantages that it is cheap to construct; that it is 
easily accessible; that additions can be easily made; and that it is compact and 
covers less ground than the other forms. The disadvantages are that more cle- 
vators are required, which wear out rapidly and annoy the mill man by breaking 
down; that many of the machines are elevated some distance from the ground: 
that there may be a lack of light on the under stories; and that concentrates and 
tailings may have to be elevated. In Mill 25 there are two stories, the upper 
containing the ore bins, jigs and tables with no overhead machinery to cut off the 
light ; on the lower story are the rolls, screens, pumps, classifiers, tanks, and shaft- 
ing. In this mill it is claimed that by placing all'of the heavy weights at the 
bottom the heavy framing is confined to the lower story. It is also claimed that. 
although part of the stuff is clevated several times, yet the total amount of elevat- 
ing takes Jess by 20 horse power than it would for a step building. 

The usual form of concentrating mill is a single story sloping mill built either 
on a gently sloping site or on a flat location. In this usual form the ore is re 
ceived at a height which allows it to pass through the crushing machinery. Then 
in the majority of cases it is elevated to the trommels and passes through the 
trommucls, classifiers, jigs and fine concentrators, the only re-clevating being of 
middlings, usually after reerushing, to go either back into the regular system 
ayain' or (ube treated on separate niiddling machines: ‘Tn a few exceptions the 

ithout re-elevating. Some of the mills elevate the 

































middlings pass on straight 
and even tailings. ‘There are also a few instances where, for special 
is el t other points than those just indicated. The mills 
seem generally to obey Rittinger's rule that the arrangement should be such that 
the middlings can he carried forward in the shortest and simplest way to the 
next following manipulation, and that they should not be allowed to descend 
unnecessarily so ax to require corresponding unnecessary re-elevation. 
d to the site of foreign mills, the state of ore dressing is such 
that a number of the mills existing. to-day were designed years ago when it 
was the custom to put the different departments in separate buildings covering 
tance down a gentle slope, perhaps down a valley, in some cases extending 
nee of half a mile and in the tin dressing ‘works at Altenburg even a 
ie mill at Ammeberg, Sweden (see § 674), built in 1859-61, has all 
the machines on one floor, and the addition of new parts at different times has 
given rise to a number of disconnected and independent departments. 

Even in some comparatively modern mills. this lack of compactness occurs. 
Thus, in the new dressing works at Clausthal (see Figs. 5184 and 5185), which 
started in 1872, the plant stretches out. about a quarter of a mile in. separate 
buildings on terraces, the average slope of the site from beginning to end being 6". 
The mill at Lauthenthal, farted i in 1874, also has separate one story buildings 
extending along a slope, The mill at Laurenburg (see Figs. 51%a and 517), 
is built on a slope of 29°, and is much more condensed. It is a combination 
of the terrace and the story arrangement, one building having three stories, all 
the others only one. The mill at Ramsbeck has also a compact arrangement 
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Hoppers in the passages serve to catch particles which might otherwise settle 
and gradually reduce the area. 

Mill 91 treats the ore dry, and in most of the machinery no casing is used. 
As a consequence, the dust is very thick, even though there are ventilating fans 
in the sides of the building. ‘The workmen wear sponge respirators, which are 
soaked with water in summer and glycerine in winter. 

§ 812, Ligutina,—Sulicient side windows thould be provided so that the 
quality of the work of the machines may be readily scen. Heavy glass skylights 
in the roof are even more efficient than side windows. Whitewashing the inside 
of the mill will help the lighting immensely. For night work, electricity is 
best, as it is the most convenient, avoids danger of fire and is cheap and clean. 
Incandescent electric lights should be surrounded by heavy wire netting where 
there is any danger of being struck. The electric arc light enables the natural 
colors of the minerals to be hest recognized, and is preferable for hand picking. 
Electricity is almost universally used to-day, except in a few of the older or of the 
smaller mills. A dynamo placed in the engine room is usually sufficient for 
the lighting of all the buildings of a small mining and milling plant, and the 


TABLE 384.—LABOR REQUIRED IN TIE MILLS, 
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with a large number of jigs or vanners may have this part wider (see Fig. 5220). 
Trommels and ¢lassiliers are commonly placed at a higher level than the jigs 
so that their products are delivered by gravity to the final washers. The j 
are placed so that the ore in passing through’ them either flows parallel to the 
general course of the ore in the mill (see Fig. 520), or transverse “to it (se 
Figs. 512d and 516a). The line shafting usually runs transverse to the general 
course of the ore in the mill, although sometimes parallel. ‘Che former enables 
most of the machinery to be driven without using quarter turn belting. The 
transverse arrangement of the jigs works best with the transverse line shafting. 
The middlings, when present, are recrushed in machinery located either back 
with the first crushing machinery (see Fig. 511), or at the end of the machines 
which produce them (see Fig. 516a). The former is more common, while the 
latter is found more expecially in long or large mills. The middlings, wherever 
recrushed, most frequently go back into the system with the original ore, but in 
some cases, especially in large mills, they are treated in separate machines located 
among the others or at one side. 

Sectional mills, that is, mills with two or more similar sections arranged side 
by side, occur in numerous instances, which vary from mills in which each 
section is entirely separate throughout, to mills in which only the crushing and 
coarse concentration part is in sections. As examples, we have the gravity 
stamp gold mills in which each battery with its plates and vanners forms an 
entirely independent section, except for the rock breaker; the Lake Superior 
native copper mills, which are made up of sections, each with its steam stamp, 
classifiers, jigs and tables; also to a less degree in Mills 25, 38 and others. The 
use of sections appears more particularly in the large mills where a number 
of machines are required to do the same work, and the sectional arrangement 
has the advantage that it enables a part of the mill to be shut down when repairs 
or improvements are necessary or when ore is scarce. while it is just as cheap 
in constructing and running. As a means of testing and comparing the effect 
of different machines or adjustments the sectional arrangement is of great value. 
Mill 44 has one steam stamp and its accompanying machines, which are used 
for settling questions of design and arrangement. 

Among large mills the one farthest removed from the sectional plan is Mill 
91, in which all of the ore passes through every machine in the coarse crushing 
and fine crushing plants; the system changes, however, with the screens, magnets 
and briquetting machines. which have many like machines in parallel. ‘Two 
large stock hou: stalled, one between the coarse and fine crushing and 
the other between the magnets and briquetting machines. In this arrangement 
the stock houses are necessary in order to avoid the shutting down of the whole 
plant whenever a breakdown occurs in one part. This arrangement has the 
disadvantages in comparison with the parallel section arrangement that a cnm- 
plete shutdown is unavoidalle where the breakdown is of long duration: als’ 
that unless there is an equal amount of time lost in each section it will ultimate 
he necessary to reduce the work of one section for a while in order to let the 
others catch up. The normal condition of the stock houses would seem to 
about half full. 

§ 821. The arrangement of the gravity stamp mills varies somewhat. Wher 
the mill is small there is merely one line of stamps, and this was the case with 3! 
the mills of this class visited by the author. In large mills, however, this woul! 
make the mill too long. and two lines of stamps are used. These two lines miY 
be back to back with the ore bins between them and the pulp flowing away in 
opposite directions, or the two lines may face one another with the pulp from 
each flowing toward the other. latter arrangement exists in the Fath | 















































de Smet mill, South Dakota, While it affords greater convenience in locking 
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TABLE 388.—PERCENTAGE OF EXTRACTION AND LIMITS OF CONCENTRATION. 
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§ 835, GENERAL IDEAS ON MILLING. 


‘To show how this ion is solved in the mills, data has been colle 
is given in Table 388. ‘This tells for each mill the largest size 
saved, the largest size of tailings away, and the maxi 


the concentrates and taili 
table (25 and new Mill 82) which are 
at the maximum size of the tailings is larger than the maximum 


: proper to speak 
: Apo iz attached to coarse waste 
in the form of dust or slime. Cornparatively large sizes of concentrates may be 
carried off into the tailings by ay flotation 
‘The mill man will find that his medium concentrates are generally the 
ichest. The value of the coarse sizes is e of 


nm 
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difference in specifie gravity between the mineral and gangue or when water is 
lacking, or when dealing with very fine slimes. Under these conditions it be- 
comes necessary to make use of some one of the special processes given in Chap- 

ter XVII. For the separation in such cases a broad theoretical basis is lacking. 

The future of ore dressing as it will be affected by the tables of the Wilfley 
type which have been so successfully substituted for slime tables, vanners and tine 
jigs is still undecided. It scems possible that by modifying the riffles and the 
adjustments this principle may be applied with success to much coarser material 
than at present attempted. ‘Time alone will answer this question. It seems cer- 
tain, however, that the tables of the Wilfley type have not yet reached the limit 
of their possibilities. 

Similarly the author believes, in the light of certain experiments he has made, 
that slime tables may be used successfully upon coarser sizes than at present. 

§ 836, Of all the suggestions that the author has to make for the future, the 
one to be particularly emphasized is more experimental study. Hardly a que:- 
tion has been discussed on which our knowledge is complete, and on many it 
is entirely lacking. Ore dressing is a difficult art, from the fact that no two 
ores are alike, and a process must be studied out for each. The difficulty of the 
problem is commonly undervalued. One mill is designed to separate galena, 
blende and quartz in Missouri and another for Colorado, but if either was erected 
in the other place it would make an entire failure. The Colorado mill treating 
galena, blende and quartz has graded crushing and sizing and crushes everything 
to }-inch or less, while the Missouri mill with the same minerals simply crushes 
to a limiting size of }-inch or larger and jigs everything on a coarse jig with 
open bed and much suction, thus quickly throwing away a large amount of waste 
and re-treating the “smittem” or remainder on other jigs. The difference is due 
to comparatively fine crystallization in Colorado and coarse in Missouri. and to 
the fact that the Colorado ore carries enough silver to justify more expence 
than the non-argentiferous Missouri ores. Another example Is 44 and 43, 
which are both in the same locality and both treat native copper rock. Mill 47 
has considerable mass copper, so that about 30% of the total product is re- 
moved by hand picking (assisted considerably by drop hammer and sledges). 
Mill 44 has less mass copper, though there is considerable hand picking. Mill 
44 has copper so finely disseminated that there has to be more re-treatment of 
products than at Mill 47. 

Ore dressing is generally left to self-taught men who may be quick witted. but 
who, as a rule, do not know what is going on in other parts of the world. ‘Ther 
are oftentimes not even backed by the management. They take samples of 
tailings and send them to headquarters, assays are made and results put on file 
in the office for the henefit of posterity. but the mill man never sees the results. 
and he is the on? man who, by seeing and understanding them, ean bring profit 
to the owners therefrom. Ore drewing should be made profession, ‘There is 
often more to be saved by good ore dressing than by anything else about the 
mine. 

§ 837. The slimes question is one point on which the author believes there 
is much room for improvement. In discussing this question there are two ideas 
to be considered: first, the means of preventing slimes as far as possible ; second, 
the arrangement for treating such as are unavoidably made. 

For the prevention of slimes the use of graded crushing, graded sizing and 
graded jigging is probably the greatest help. 'This has been previously discussed 
in several places in the book and needs no further explanation here. For the 
crushing, rolls are to be preferred in general to stamps and most other fine 

pulverizers. Only on rare occasions, at tor the very ue crating of middling. 
is the use of stamps justifiable. As on example of how toudn Tanlvedal mq 
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concentrates, metal, bullion, etc., from which have been deducted smelter charges, 
smelter losses and freight.’ Value is reckoned as total net value for the month, 
and as net value per ton of ore mined. 

(14) The financial standing may be obtained by comparing the total cost 
per month with the total net value for the month, or by comparing the cost per 
ton with the net yield per ton. 

For further suggestions for the way that items are segregated, the reader is 
referred to the subject of costs (see § 846 et seq.). In this connection should 
be noted the variation found in the methods used by different companies. For 
example, some companies will charge an item to construction account, whereas 
others will charge the same item to operating expenses. Comparisons of the 
work of different companies are not easily made under such conditions, and it is 
to be hoped that the day may soon come when a standard system of accounting 
and reporting will be in usc. Suitable blanks will be designed for daily reports 
of assayers, weighers, shift bosses, mine and mill foremen, engineers, storckcepers. 
shipping clerks, et.; in fact along all lines which contribute in any way to the 
monthly cost or monthly yield. ‘The monthly account will be made up from 
these daily reports. 

The final monthly figures may be summed up into a quarterly or yearly report, 
which gives the most valuable view of the progress of the work. 

Reports of custom mills are practically records of tests. Examples of such 
reports of tests are given in § 891 and § 893. 





Costs. 


§ 841. Cost or Erectina Mrris.*—The original cost of a mill depends upon 
the following considerations: 
(1) The capacity of the mill. ‘The cost increases with the capacity, but not 


ratio. 

(2) Mill site and the gencral nature of the mill. A steep sloping mill site 
will require expensive masonry, retaining walls and costly grading, which are 
not required if the mill is on a flat or gently sloping site. Upon the mill site 
will also depend the cost of the equipment for getting and storing water and 
bringing it to the mill, for bringing ore to the mill, for shipping concentrates and 
for disposal of tailings. 

(3) The internal details of the building (in grouping and placing various 
machines together) and the choice of the materials used in the construction. 
Some mills use heavier machinery than others, and hence require heavier con- 
struction. Some mills need to be much more carefully built to withstand the 
elements than others. 

Cost of machinery at the foundry. 

(5) Duties and commissions paid on it, if any. 

(6) Cost of railroad freight and transportation from the nearest railroad 
station. ‘This latter is often a very large item. 

(7) The local cost of labor and timber and other structural materials de 





(8) The efficiency of the labor employed in erecting the plant. 

(9) ‘The period at which the mill is built, the cost being more at a time of 
general prosperity than at a time of business depression. Improvements cat 
be made with the least cost in dull times; on the other hand, mills can be run 
with the greatest profit in flush times. 

(10) The duration of time that the works are under construction, depending 


© For a very complete analysis ot Uhe cost of building and running mille wwe \wisalar data, the resder # 
referred to an article by A. G. Charleton."* 
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reservoir. Mining costs $1.25 to $1.75 per ton of ore mined. This includes 
all the hand sorting where from one quarter to a half of the rock is thrown out £0 
that only a little over half goes to the mill. The cost of breaking the rock 
(stoping) exclusive of wheeling to the shaft and hoisting is about $0.40 to $0.45 
er ton. 
Pell 25." A 900-ton mill in Missouri separating galena from dolomite. ‘The 
cost of dressing for the year ending May 1, 1887, was $0.364 per ton made up of 
labor $0.134, repairs $0.100, supplies $0.035 and coal $0.095. 
§ 848. A mill in northern Idaho on argentiferous galena with a gangue of 
quartz, 
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Labor Stoping. 

Foremen, bosses, blacksmiths, nippers 
supply ‘men. 5 

Tinbormen and Serpent 

Miners. $8.50 per xhift....- 
armen and trammers, $280 

Shovelers and laborers, $2.80 per shift 

Contract 






a Total, . 

Grand total for stoping.. 
To get the total cost of mining, a certain amount must be added to this for 
development work. 


Labor Concentrating. ‘Supplies Concentrating. 
bincksmiths and machinists. nts. 
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Enborers. 820 per shit. 













Crusher labor 
Repair labor .. 
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‘These figures do not include general expense such as s 
saying, depreciation, ete. 

Mill 42.2% Copper sulphide ore with a gangue of quartz and feldspar. The 
mining expenses per ton for the year ending June 30, 1898, were as follows: 


perintendence, a* 
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Precipitating labor. 


The cost of concentrating was $0.77 per ton. Goodale"? says that in four mil 
treating this class of ore at Butte, Montana, the expenses of concentrating rans? 
from $0.35 per ton in the larger plants to $1.00 in those of smaller capacitr 
Custom work costs higher than steady work owing to the frequent changes nec- 
esary, The cost of concentrating in Butte during ten months in 1901 and 
1902’ was $0.70 per ton in three mills and $0.75 in one mill. 
§ 819. Mill 452°? A Bchead steam stamp will at Lake Superior on native 
copper amygdaloid rock. ‘The total cost yet ton tor whoing and willing mF 
@ Engineering and Mining Journal, VA.UKEN «QI, PR. 
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Muling for three years (1888-1850). 
Hee fStaount of ore Sruabed 1a ton. 6,908 
‘Total cos, 





Mill 59% A 40-stamp gold mill in California with a gangue of quartz and 
slate. During six months in 1900 the ore mined was 14,784 tons, the ore milled 
was 14,280 tons and the total expense was $5.97 per ton, An average of 18 
months gave the milling cost as $0.4924 per ton. 

Mill 61. A 40-stamp gold mill in California with a gangue of quartz and 
slate. Mining costs $1.672 per ton while milling costs $0.444 per ton. 

§ 851. Mill 64% A 30-stamp mill in California with a gangue of 
quartz and slate. For the year ending September 30, 1896, there were 33,497 
tons mined at a cost of $2.17 per ton and 33,512 tons milled at a cost of $0.408 
per ton. These figures include all expenses. The operation of the rock break- 
ers and delivery of the ore to the mill is charged to mining. ‘The detailed ac- 
count of mining and milling cost is as follows: 








Mining. Total. {Cost per Ton, ‘Milling. ‘Total, [Cost per Ton. 
36.25 0.186 
9,081 0.061 
‘oo 0.030 


Es 






BREHSSSRS 
eeeeeoe8 





















018 
on 
008 
652 0. oor 
588 0. 008 
601 0 O18 
‘aor: | 0.000 x 08 
6 0.003 x 

3.207.25| 0.008 Ta38 
538.75 | 0.016 81:00 || 9 ong 

408:15 | 0.013 14.85, 

$33.79 | 0.013 5.08 
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35.90 / 0.001 || Agsay supplies... 18104 | 0.005 
Coal... 77:11] 0.008 || Office supplies, 105.20} 0.008 
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‘Wire rope. 302.70 2 
Buperintendence and iabor.. 82 4 96 | 90.46 
Total... «- 72.63 68 


























A summary shows that of the milling cost, 80.153 was for supplies, $0.16) 
for labor, and $0.095 for power. 

Mills 65, 73 and 74. 60, 60 and 40-stamp gold mills respectively in Califor- 
nia with gangue of quartz and slate. The cost of milling in 1897 exclusive of 
power was $0.138 per ton. Water power is used and costs but little. 

§ 852. Mill 662° "4 282 A 100-stamp gold mill in the Black Hills with a 
gangue of quartz and schist. The detailed cost of milling per ton for the fisc 
year 1893-4* treating 104,995 tons was as follow 
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© At this time the mill contained only 0 stampa. 
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Hammond" gives the following figures as average for a 40-stamp gold mill 
using water power. 








Moses Pom Mabini cldentada. 
” Oar 100.10 

+ 0.015 to 0.04 ‘Total... 

gots $190 per month, and one-half la charged to mil aad ooe half to maine. 

To thie add cost of water power. If steam power is used add about $0.10 per 
ton for labor and $0.01 for repairs, lubricants, etc. 

In the cases of three representative gold stamp mills in Amador County, Cali- 
fornia,” working profitably with mills of 20, 40 and 30 stamps respectively, the 
total costs including mining and everything were $2.35 to $3.45, $3.50 to $3.75 
and $3.10 to $3.25 per ton of ore, 

Olcott? gives the cost of milling in several California stamp mills as varying 
from $0.20 to $0.75 per ton and in a Gilpin County, Colorado, stamp mill as 
$0.95 per ton. 

§ 854. Mill 82. A 50-stamp combination silver mill in Montana with a 
gangue of quartz, slate, granite and calcite. The cost of milling is $3.00 per 
ton, Mills 68 and 82 are together and the total expenses per ton for both for 
different periods of six months are as follows: 









‘Bix Months Ending. 





June 9, | Der. st, | June a0, | Dec. #1, 
1004. 1804, 1866, 7668. 
‘sao | ara | 40.180 | 37,60 















‘Working expenses, Inclutio . su | $0.00 | $5.78 C) 

Permanent bmprovement : Oot 004 om | fy 

London charges and 0:88 08 010 + 
Total .. @ | sus | so08 ? 











Mill 84.3" A 40-stamp combination silver mill in Utah with a gangue of barite, 
quartz and calcite. In the year 1896, the mill treated 38,500 tons of ore at a 
cost of $1.01 per ton; mining, transportation and other expense came to $41.1 
per ton. An cstimate of the cost of mining a vein 4 feet wide is from $2.00 
to $6.00 per ton varying with the dip and the hardness of the vein. 

§ 855. De La Mar mill** A wet-stamping, pan-amalgamation silver mill 
in Idaho. ‘The tons mined in 1897 were 40,569, of which 40,453 tons were 
milled and 116 tons sold direct to smelters. The cost of mining was $5.30 pr 
ton to which $0.59 per ton has to be added as the cost of mining and marketing 
the ore sold to smelters. The cost of milling was $4.94 per ton of which $1.61 
was for labor, $2.82 for chemicals and gencral supplies, and the remaindr 
for insurance, bullion charges, ete. 

New Elkhorn mills A dry-stamping, chloridizing-roasting and pan-amil- 
gamation mill in Montana. The cost of mining 13,830 tons in 1896 was $12.59 
per ton and of milling 13,762 tons $7.17 or a total of $19.56 per ton. 

Ontario mill.2"_ A dry-stamping, chloridizing-roasting and pan-amalgamation 
silver mill in Utah. The costs for 1896 were: 
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Alice Mill. A dry-stamping, chloridizing-roasting and pan-amalgamatin 


silver mill in Montana. In the year 1897 the cost of milling 25,702 tons 
$6.11 per ton and of mining $4.15. | 
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tling out like cheese curd from whey. This result is analogous to the effect of 
stirring mentioned in § 869. : 

§ 873. Jius.—For testing lots of from 100 to 2,000 pounds, the author has 
found very convenient a three-sieve Harz jig, with sieve 9 inches square in the 
clear. The height of the tailboards is 4 inches on each sieve, and the plungers 
are the same size as the sieves. ‘These jigs should be driven by step pulleys and 
adjustable eccentrics to permit variations in the speed and the length of throw. 
By having sieves with different sizes of holes, which drop quickly into place, 




















a mo 
FIG, 547a,—SIDE ELEVATION: Fig, 547h.—END ELEVATION. 
OF VEZIN’S TESTING JIG. 























Fig. 547d.— SLEVE BOS. 





Fig. 54%c.— PLAN. 


one can jig sized products, classified products or simple crushed products at will 
with very much the same results as in large machines. The best adjustment+ 
for any ore have to be determined by trial, but the data given in §§ 425-49) 
§§ 450-453 and §§ 460-463 will serve for guidance. 

Mr. Henry A. Vezin of Denver, Colorado, has designed a small ig. ‘see Figs 
547%a-547d) which can be cnet aver ter ten, or by: wer, and which is M 
convenient for lots weighing \ess than. ‘pounds. © Seve Teasures 

thahen? Whe plunger attached ‘ko the eecentrie Tod 3, Wen Ae Seven, Sa 
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§ 874. THE Cornisi VANNING SHovEL (see Figs. 548 and 549) is used 
to separate the heavy and light minerals in products from 3 or 4 mm. in diam- 
eter down to slimes, but it is most satisfactory for products finer than 1 mm. 
It serves to ascertain whether crude ore is susceptible of concentration, whether 
concentrates contain waste sand, and whether waste sands contain valuable min- 
eral. In using the shovel a small quantity of pulp is placed on the blade with 
ample water, and the shovel is given a horizontal circular motion, by which 
the heavy grains are settled. ‘The lighter portion of the waste is then washed 
off by flowing the water across the surface. The circular motion and the flow- 
ing are repeated often enough to remove a large part of the light waste sand. 
Then, with less water than before, the concentrates are brought forward to 
form’a head, by giving a few tosses to the shovel, using a peculiar jerking mo- 
tion; and the water is flowed over this head by another peculiar motion of the 
shovel. This tossing dnd flowing are repeated a number of times to get a thor- 
oughly cleaned head. 

The vanning shovel is the most satisfactory tool that has thus far been pro- 
duced for quickly testing the products of vanners, tables and jigs. It enables 





Fig. 550.—VANNING FIG, 551.—GOLD MINERS’ FIG. 552.—BATEA. 
PLAQUE. PAN. 


the ore dresser to tell in a minute whether or not his machines are working 
properly. 

The Vannina Prague (see Fig. 550) is of about the same size and con 
eavity as the vanning shovel, but has no handle. It is made of sheet iron, 
but has a white enamelled surface which permits colored minerals to be readily 
seen. 

Tue Gorp Mrvers’ Pan is used where a few very heavy grains as of gold 
are to be looked for in a mass of gravel. The pan (see Fig. 551) is nearly filled 
with gravel which is thoroughly softened up with water; the pan is shaken side 
wise and in a circular manner to give heavy particles an opportunity to settl: 
water is then flowed across the top removing the top layer of waste. | The shal 
ing and flowing are repeated until the contents of the pan are reduced to a ve 
small quantity and then the gold may be brought out either by tossing it ott 
as on a vanning shovel: or, by running the water carefully around the groott 
between the bottom and the side of the pan, a head will form and the god 
“colors” show. + 

‘Tre Barea (see Fig. 552) is worked in the same way as the pan but i 
gold or concentrates collect at the center point which is the apex of the om 
Some persons prefer the pan, others he Wutea for this work. 
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§ 877. Ste Tastz.—The most satisfactory apparatus for determining 
the best slope and water quantity for slime tables to treat any ore would be 
a table similar to the Ferraris (sce § 504). Very good results can be obtained, 
however, with the simple table shown in Figs. 554a, 554b and 554c, which is 
6 feet long, 2 fect wide and has a surface of ground glass framed in wood. To 
prevent cracking of the glass, a pieve of felt should be placed between it and the 
frame both above and below. ‘The slope of the table can be adjusted by means 
of the rope a and pulley-blocks b. For the sake of careful adjustment, it is 
well to have the rope a connected to a second set of pulley blocks overhead. The 
rope from the second set comes down to the side of the table. At the feed end 
c there should be a good distributor, such for example as Fig. 4016; and the 
discharge end d should be rounded in order to discharge the ore readily instead 
of allowing a bead to form, as happens when the edge is square. In using this 
table, it is set at some definite slope, and water is run on through the distributor 



























































FIG. 554a.—SKOTION OF NGULAR | FIG. 5540.—sec- 
BLIME TABLE ON AB oF Fig. 554c. TION on CD. 
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FIG, 554¢.—PLAN WITHOUT SUPPORTING FRAME. 









































at a definite rate. A portion of the wetted pulp, say 50 grams, is then fed in 
with the water, about 5 seconds being used for the feeding. As the producl 
pass out through the spout ¢ at the lower end, they may be caught in a nt 
of little pans set on a board, each pan being held under the spout for say 5 
onds. The first pan will catch the first tailings, the second pan the second tail 
ings, and so on through all grades of tailings, middlings and heads. A bucie 
will have to be used for the last heads, for considerable water must be used? 
hose them off. A series of such tests, using different slopes and different wale 
quantities, will indicate the best conditions for any case. In applying the ™ 
sults to circular convex tables, it should be remembered that the quantity 
water per minute flowing over one foot width of the experimental table 
responds to the quantity on one foot of creanference ek one or two feet fma 
the outer margin of the circular table. Neat ve center of Lhe Gaeike ik 
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mit heating by a lamp beneath. The muller or grinder revolves 120 to 150 
times a minute. The pulp should be crushed to pass through a 40-mesh screen 
before being charged. The various methods of running an amalgamating pan 
may be tried, using preliminary grinding with muller down, heating the pan, 















FIG. 558a.—SECTION OF AMALGAMATING 
PAN ON LINE CDE or ria. 558). 


FIG. 558¢.—SECTION 
OF MULLER ON FG. 






}. 558d.—SECTION OF 
MULLER ON LM. 


FIG, 558b.—PLAN. 


adding common salt and sulphate af copper, adding acid, etc., followed by fin! 
stirring and amalgamation with the wller wy, using sadn quantiy ot Wert 
as seems wise, adding zine amalgam, sodium amalgam, SEAL or wy AoE 
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size. (d) Shall we reconcentrate middlings without recrushing and from what 
size to what size. 

(4) Steam stamps, classifiers, jigs and tables. 

(5) Gravity stamps, amalgdmated plates and vanners with or without can- 
vas table and fine vanner. 

(6) Rolls and magnetic concentrator, as chief processes or as auxiliary to 
some other, with low or high tension magnetic field. 

(7) Cyanide for gold. 

(8) Roasting and chlorination for gold. 

(9) Pan amalgamation preceded or not by chloridizing roasting. 

(10) Hyposulphite leaching following cBloridizing roasting. 

Other questions might be framed to include phosphate, mica, corundum, 
graphite, asbestos, coal, ete. 

To help in deciding these questions, a number of tests are given below. As 
many of these should be tried as the circumstances will allow; but of course 
the ore dresser will use his experience and judgment to decide which prom- 
ise the most information. 

§ 889. Minera, Examination.—If representative specimens of each min- 
eral, as well as a general sample of the ore, are analyzed, the percentages of the 
different minerals can be calculated. In the following examples the 
different minerals are, for simplicity, aseumed to be pure. Let us st 
that we have quartz (100% Si0,), calcite (56% C20, 44% CO.), siderite 
(48.3% Fe, 13.8% 0, 37.9% CO,), galena (86.6% Pb, 13.4% 8), blende 
(67% Zn, 38% 8), and pyrite (46.7% Fe, 53.3% S); and that the general 
analysis shows Pb 17.32%, Zn 3.35%, Fe 7.085%, CaQ 8.4%, SiO, 45%, S 
9.66%, CO, 8.495%, O (by difference) 0.69%. Distributing these values pro- 
portionally among the different minerals gives the results shown in Table 395. 


TABLE 395.—MINERALOGICAL PERCENTAGE COMPUTED FROM THE CHEMICAL 
PER CENTS. 








Percent Distributed among the Varions Minerals. 


Material. event 




















ys in specimens of the minerals, chosen to represent the average of the 
above ore, might be found to show silver as follows:— 

Galena. 

Pyrite 
These multiplied by the per cents. of the mincrals from Table 395 show that 
in a ton of ore the 


+100 ounces per ton. Blende. 


10 ounces per 18 
"20 ounces per ton. Quartz wit 


‘8 ounees per fon 





Galena contains (10 x 204 ar 9 ounces allyer. 
x 10) oF 


Mende {ix moog ss 
Quart, (Axara 
‘The mine ore then has 23.85 "per ton. 


In practice no assays can be made to agree as perfectly as this and the a 
tual assay of the ore will differ somewhat from 23.85 ounces silver per ton. 

The above assays and analyses appeat to indicate that the blende may or mar 

not be thrown away according to the smelting, chetgge on tine ore, ot the near 
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pounds with a breaker, a stamp battery with 225-pound stamps, a copper plate 
2 feet wide and 6 feet long coated with silver amalgam, a mercury trap, @ vanner 
and a little ball mill. 

‘Table 398 shows the results of such a test made hy students at the Mascachu- 
setts Institute of ‘Technology. ‘The ore used was from the Brookfield Mining 
Company of Nova Scotia, and contained its free gold in coarse condition. ‘The 
ore was crushed ina Blake breaker to j-inch diameter, thoroughly mixed and di- 
vided into three lots by placing alternate shovelfuls on three separate piles. 
‘Table 398 is the results from the first lot. The stamp battery had a plate screen 
with slotted holes 4'; inch wide. The battery residue was panned, yielding 
amalgam (a) and gravel (b). The gravel (6) was ground in a sample grinder 

“inch diameter, amalgamated in a little ball mill, and then panned, yield- 
ing amalgam (c), concentrates (d) and tailings (¢).*. Amalgams (a) and (¢) 
were united and, by retorting, yielded battery gold. ‘The concentrates (d) and 
tailings (e) were included, by calculation, in the concentrates and tailings from 
the vanner. The material “unaccounted for” was assumed to assay the same as 
the fine vanner tailings. 





TABLE 398.—TEST OF A FREE MILLING GOLD ORE. 
Weight of | Gold Percent of | Weight 
Product, | “Tou | Gold. ‘san 


































Kilos. ‘Ounces. @ 
308 1.00 14.3064 
16.066 
2.8106 
0-09 
14038 
1.0138 
o.s7e7 
Gold in slag. 0.0848 
‘Unaceounted 0.2145 
Total .... 6.2701 
Pereent of total gold saved by amalgamation. - 84.008 
Pereent of total gold saved in concentrates. O87 
‘Total saving. BA 
ire annay of on 
sulated from mili resuits “ob ounces fold per ton. 


A second otis of the class obtained the following final figures from the s&- 
ond lot of this ore: 


Percent of total gold saved by amalgamation. 
Pereent of total gold saved in concentrates. 
‘Total savin 


Fire assay of original 
‘Rasay calculated frony mill rewulta 


A third section of the class obtained the following final figures from the thirl 
lot: 









728 
1.34 ounce gold per ton. 
1.8 ounces gold per ton. 





Percent of total gold saved by amalgamation 
Percent of total old saved in concentrates, 








Total kaving...... 
Fire areay of origina 0 
‘Assay calculated from mill 





These results well illustrate how difficult it is to sample and assay ores at 
rying very coarse gold: and how much more accurate is a mill test than a ft 
aseay. Compare the results of mill tests (1.66 ounces, 1.72 ounces and L# 
ounces gold per ton) with the corresponding fire assays of the original ore (1% 


* Though the pan is an excellent tool for recovering amalgam and free gold, it ix ‘Rood 
comers tak it BA taatehetel ir much bets for tia purser An the abe Cont tare ee aa 
Haar aid conveniently a shovel but the litle Jerting table shown Ia igh SSRs Goes soo 
efficient in such & case. 
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water which runs directly from the feed into the tailings is treated on canvas 
tables. The value recovered on the latter pays the whole cost of running the 
mill. In Mill 49 the muddy water from the Hallett tables goes to a box clas- 
sifier, which has two spigots feeding two specially adjusted Hallett tables. 
§ 903, ‘Testing Sime ‘TaRLes.—'l'o find out and locate the losses from 
a slime table, samples should be taken every foot or {wo around the circumfer- 
ence, beginning just beyond the heads blow off jet, and assayed. A little sam. 
pling trough (see Fig. 560) curved to fit the edge of 
the table, and provided with handles, is very conven- 
ient for this purpose. The first tailings sample is 
apt to be rich on account of a small quantity of con- 
centrates which failed to be washed off. With proper 
care, however, this loss should be very small. The 
next two or three samples are likely to have the lowest 
assays of all, but beyond this the values will gradually 
inerease, due mainly to the presence of included 
grains. The loss of these can be prevented only by 
-/_— finer crushing, which in most cases would not par. 
[wm FE Any concentrates that are too fine or too flat to settle 
will float off into the tailings all round the feed side 
Fig, 560.—H1AND saMPLeR of the table. If there is a serious loss in this way this 
FOR SLIME TABLES, material may be separated by finer classification than 
is commonly used and the values saved by canvas 
tables, The tailings samples near the middling-discharge contain a few of the 
largest particles of concentrates; and the values in the middlings are chiefly of this 
sort, The middlings assay will be considerably higher than the last tailings 
sample; and the concentrates will be practically clean mineral. Table 400 gives 
a test of a circular convex table treating a copper ore. ‘The second column shows 
weights for 24 hours computed from the weights of the samples. 


TAREE 400.—TEST OF PRODUCTS FROM A CIRCULAR CONVEX SLIME TABLE. 
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2 ‘4 Hours. Copper. Pouns ‘Total Copper. 

i ca —|— gam —| a 
F | ie | 8a 
; te | de | 38 
; | Re] Og 
i | | OE 
; ee 
; | | oH 
i oo] RB |e 
; a ee 
‘i | 4B | OB 
i | | 
i ne 
: | ge | OB 
i i] BR OH 
: fe | 88 | 
s=08 | io 








$§ 904. Trstixe Oriten Macittyes.—The key for the solution of most or 
dressing problems will be found in the close sizing test or in the sorting tet 
in a hydraulic classifier or beaker, followed in either case by the weighing ant 
assaying of the different products and tabulating the results. Having this in- 
formation the ore dresser must depend on his own wits to improve his proce: 
To aid him in making comparative tests of two machines the conditions should 
be made exactly alike for both and no favor should be shown to either. 
aid the ore dresser, as suggestions Se Sere tte: author bss 
KX. the outlines of nearly one Wondeed wllky, dawns te 
plage in Chapter XX, he oe Se ae 


» 
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446. Ibid, p- 240.. Mr. Hubner. “Method of testing slimes by specific gravity as usd 
rnowitz. 
447. Zeit. Ver. Deut. Ing., Vol. XXX., (1886), p. 2. C. Sachs. Description of the Neubot 
mill at Beuthen in upper Silesia. 
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1196 ORE DRESSING. 


Vatuns of Musnes IN Scunen Sizes. 


‘As has been explained in $152 this method of designating screens Indicates only the number of 
holes per linear loch but does not indlcate the exact alte of the hole, which, will ‘upon the 
sizo of wire used. | ‘The W. 8. Tyler Company give a customer the choice of several sites of wire 
for each mesh, but what ihey call thelr “mining wire cloth” has the eizes given in Table 408 
According to the author's understanding of the matter these ate the screens that a mining man 
will get who orders by mesh without des! the sixe of wire. Screens made by other 
companies will very likely show variations from these values. A'rough rulc in calcalating the 
Size of hole when the mesh Is Known, is to assume that the size of the hole 1s equal to the size 
of the wire.” Thus a 10-mesh screen’ has 10 holes and 10 wires per inch and on. the a 
sumption each bole would be 1/20 inch or 0.05 inch wide. How close this rule holds may be seen 
by studying the table. 
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